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PREFACE

Manfred SCHRENK,

Conference Director,
President CORP — Competence Center of Urban anébRa&gPlanning

WELCOME to REAL CORP 2022, the
27" International Conference on Urban & Regional Devedpment and Spatial Planning
in the Information Society at Airport City Space in Vienna!

The overall topic of this year's conference is “Nlitys, Knowledge and Innovation Hubs in Urban
and Regional Development”.

Mobility hubs are far from being limited to theiurfction as transport hubs. They are multifunctional

and versatile places of encounter. In places whesey people come together, information and

knowledge are exchanged and new ideas are develSpszke mankind has become sedentary, such
hubs have formed where the exchange of people,sgdmd also ideas and knowledge takes place.
With the rise of cities, this process has intemdifand today, when almost 60 % of the world'‘s

population lives in cities, dealing with this cenfunction is more important than ever.

New challenges keep emerging that keep us busytangiimg and developing the functions of such

hubs:

Societal transformation and changes in populatiwh @&geing structures require adjustments
to both urban structures and rural areas.

The climate crisis simply does not allow us to awr as before. Ecological footprint, energy
performance certificate and climate governancenatemere buzzwords, but important fields
of action to steer future developments.

The increasingly easy access to all forms of miybiln land, water and in the air is not only
changing our settlement and social structure. Tdwstcuction and operation of mobility
infrastructure is often resource-intensive.

Above all this hovers the sphere of digitisationudil is already possible without having to
physically move for it — data, information and kriledge move instead.

In recent years, the pandemic has shown how quighiystructures can be shaken to their
foundations even without “conventional” natural aditers. The diverse reactions and the
struggle to return to normality, which continuestics day, have produced some remarkable
results.
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PREFACE

REAL CORP 2022 addresses the links between sosigtgovative achievements and the confronting
demands of our environment, cities and settlementsorder to achieve acceptable sustainable
development, spatial planning and related disayglimeed to carefully address current trends and
influence them with appropriate governance mechasi® maintain and improve the quality of life,
but also to decisively address the concerns ofecosystem. We therefore invite contributions from
all disciplines involved in urban development id@r to analyse the challenges for the future camrb
spaces in a holistic manner. In addition to scidmsed contributions, we also welcome practice-
based reports on short-term measures and/or longsteategies for urban and regional development.

This year we brought together some 200 participfotm more than 30 countries worldwide. The
main goal of the REAL CORP conference series ibring together leading experts in the field of
spatial planning, geoinformation and related digogs to exchange their knowledge, share their
ideas, discuss current developments and get tagétheface to face networking leading to the
development of new thoughts, partnerships and gisje

The success of the REAL CORP conferences is —lgladthout doubt — the result of the efforts of
participants, reviewers, and the conference orgapiteam. We would like to acknowledge the
Reviewer Team and Programme Committee membersh®r valueable voluntary help with the
review process. Our thanks go to all participamd authors of the submitted papers as well. The
proceedings of this year's conference contain atol®0 scientific papers; some 90 of them were
selected after a double-blind, double-stage (fah labstracts and full papers) peer-review process f
publication and presentation at REAL CORP 2022. mbe-reviewed papers were accepted by the
programme committee after a double-blind abstmdgev.

Welcome to Vienna! Have a great conference!

Manfred SCHRENK, Clemens BEYER & the REAL CORP Team

REAL CORP 2022: Mobility, Knowledge and Innovation Hubs
in Urban and Regional Development — Vienna, Austria
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1 ABSTRACT

Accelerating the ecological transition and accessustainable mobility through a partnership betwee
metropolises, cities and districts fostering theajue on science, technology and innovation taritirte to

a global strategy tackling climate change problesnfundamental. In the contemporary city, due te th
conflict of scales, we must understand how to eefaetropolitan scale to the local one. Startingnfitthe
metropolitan dynamics connected to the logistiagae one of the main territory negative impact srak

the paper introduces the Metropolitan Cartograptyl to obtain a meta-project necessary to achieve
sustainable development by dealing with SDGs aptitins and bringing together different disciplinary
knowledge. The research field of action is two $emnis of metropolitan landscape, which identify two
possible logisticsneta-districts The first is in the Cittd Metropolitana di MilamoWest-East transect from
Milan to Melzo, which is intersected by the secoBauth-North, which starts in the Piacenza, Emilia
Romagna Region intermediate city. The researcteprdirst aim is to produce a cartography tool able
define the circumstances of sustainable plan asgjd®f the entire logistics meta-district transestudying

the mobility’s impacts. The second research's aigues about the necessary condition to produce a
sustainable local archipelago system's design grdjeked to the logistics meta-district’s transélztst
mile” that can be directly managed by the local oamities. Nevertheless, it must be designed to be
connected to the metropolitan grid.

Keywords: metropolitan grid, meta-district, sustdiitity, logistics, integrated planning

2 THE DIFFERENT SCALES OF INTERVENTION

2.1 Metropolitan approach to complexity’s perspectives

If sustainable mobility is considered only a tecahifact for economy or law (laws and decrees), the
disciplinary field concerned will be very narrowuOmetropolitan approach to complexity also induides
perspective of the physical and geographical corptsof the territory and the city.

To be able to think of a project on the use ofanable mobility as a regional and metropolitancess up

to the archipelago scale of local net-grids, wetmeflect upon the relationship between metropolitdies,
medium, small towns and neighbourhoods. Moreoves, research deals with how to go down from the
regional and metropolitan scale to the hyper-leszale. We imagine an integrated system of susti@gnab
mobility, pinned in precise hinge points workingsynergy at the different scales, up to the dediniof the
smart grid for the urban-rurban-rural-natural ligggatterns.

The issues we can/should cover with our studiesnaimy:

1) Innovation is one of the keys to enabling theetflpment of local communities. Existing innovative
solutions and technologies grown for big city maskeust be adapted and proven effective for Italg a
Europe's multifaceted context to bring economicyirenmental, and health benefits. Can we think of
evolutionary innovation? That is, a systemisatidrtexhnologies that today in the country work not i
unison.

2) The proposal will be concerned with demonstgatinnovative climate adaptation, mitigation and
sustainable energy solutions in the social, ecoo@nd environmental spheres. In addition, the ptajll
have to explain the benefits of the proposed swistiwith particular regard to Sustainable Develagme
Goals 4, 5, 7, 8, 11, 12, 13 through the use amieimentation of local Metropolitan Cartography data
(Contin, Giordano, and Nacke, 2021). The significamgagement of civil society in implementing resha
proposals is also key to the success of possiladentdogical solutions. Attracting private investdcs
sustainable mobility solutions will contribute tastainable economic development for the benefithef
metropolitan area, intermediate cities and neightmads.
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3) R&l policies must be coupled with capacity builgl and appropriate financing solutions to fadiéta
market uptake and technology diffusion. Sustaindbt@l economic development should also include
identifying the workforce's technical, professionall educational needs and proposing relevanirigpand
qualification activities for policymakers. In ourgposals, we have developed capacity building aotst
teaching the approach to metropolitan complexitytsnfour components: physical, social, economid an
governance from policymakers, civil servants, aul leaders to practitioners.

4) Demonstrations of the value of these solutiaesséill needed by observing the impacts of theppsed
solutions on the environment, climate change objest and the social and economic dimensions.
Monitoring the results at the different scales tigio a set of indicators and the open-source Melitapo
Cartography maps will be an essential outcomeeptioposal.

5) Developing and implementing a customised andll@pproach to the sustainability process from
manufacturing to education and recreation capabl@anproving a value chain at different scales and
identifying the most harmonious relationships bamedhe local context, the local material supplginhthe
local workforce, the green economy but also the hewzons of online commerce. The goal is to ensure
sustainable local economic development throughaswsdile mobility. The value chain applies at deéfer
scales, and what is variable at the local scalerbes invariable at the global scale.

2.2 Specific Local Scale Project Issues

In the intermediate areas between logistics andutban fabric, entire areas often remain abandamed
cannot find an opportunity for conversion to newesisOn the other hand, a large amount of land is
urbanised and intended for parking lots and aredgdted to loading/unloading and storage. In nwses,
these areas are used only for a few hours of tigewdaile for the remaining time, they remain deseért
These areas are completely devoid of common anlticmgaces, often protected by gates and wallsdbat
not allow any exchange with the city. Still, thabguces degradation at their borders, also gengratithe
citizens a sense of insecurity and hostility towgattus productive function of the city, highly paihg, not
resolved by the promise of new employment poss#slithreatened by the increasingly intensive ddee
automation of the logistics activities in the fugur

2.2.1 Metropolitan Urbanity and Public Realm

Moreover, the Covid-19 pandemic is a catalyst ftece on the public space' structures, organisatiamd
habits. It provides an opportunity to create suastile and positive change in our cities with andotghat
will be felt well beyond the crisis.

The specific project's research question is howntintain the quality of life in metropolitan areasd
address climate change and eco-problems by implemgeprecisely in these areas where the impact on
citizens due to metropolitan infrastructural prégeis most perceptible. It aims to produce a patteodel
together with the practices it allows to intercactrighe two city fabrics generating a new urban-stdal-
rural ecosystem. At the same time, the locatioprofiuction units can be the basis for social intioma
policies integrated with district regeneration pigls (Gouverneur, 2014).

The local space design project, first, must intmlthe metropolitan urbanity perspective arguinguab
what will be the role of sustainable mobility irethonstruction of the metropolitan city culture.

This fact is strictly related to the perspectivetiod governance question. We are all aware of &wssl to
change our mentality. Still, at the same time, lgowernments are not implementing any tools faiglging
sustainable mobility’ structural plan along theientransect and, in very few cases, at the lakt stale.
Moreover, involving the different authorities t@mik together in synergy is a crucial result. Itk a co-
construction between the Academy and other metitapahgents to formulate legislation that can gtleen
this vision and technology, moving from decree®gperimentation to regulating actual city transfation.

Then, we must introduce the data perspective tcagmithe mobility data production fostering a goig ¢
lifestyle. Moreover, the data governance that atldacal communities to be masters of their data is
fundamental.

The finance perspective deals with the physicabstfuctural investment that the project requitgsifg us
to consider how a project can be used to leveraiger @assets for the city. Considering existing ety
future implementation by investing part of the bedmtroduces the technological issue perspectinetihe
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proposal replicability perspective. The proposalbsut technology, planning , design and policyiciltan
give a more systemic angle to the project, lookitthe enabling environment (the conditions) fdrieging
sustainability today; and considering the morphialg regulatory, institutional, governance and camity
engagement aspect. Nevertheless, the sustainalilgitynperspective demonstrates that the transiton
clean energy has begun: it is planned for 2040amée, Germany in 2030, and Norway in 2025. However
it is uncertain in Italy. Suppose we want to havgraen and digital transitions’ impact that means a
transformation. In that case, we must considerogepr as a resource to build shareholders camitaarch
(Nasi, 2021) to achieve its realisation on the gtbu

2.3 General Metropolitan Project issues

The metropolitan architecture project aims to deiee an inter-scalar pattern of urban-rurban-raegliral
linkage deriving local strategy from a metropolitaading.

The project’s field of action is where the vastittigs area meets the residential city fabric drel geri-
urban agricultural field, determining the risk dfaamdonment in the first urban crown. The spreathrgie
logistics areas is becoming significant in manjyesitwhich must rapidly learn how to order theiritery
facing metropolitan dynamics. Large portions ofiagtural land are occupied in logistics areasnfro
buildings destined for freight warehouses and ithistion centres. The impact of road handling of dp®
also highly polluting for air and water and pereghas a threat by citizens, generating conflict.

2.3.1 The Logistics Meta-District

The issue of poor coordination between transpattsgpatial planning is explored not only at the Idegel

in each individual country but is also a problentla central level and thus at the level of thedpaan
Union — even going so far as to challenge thetfadtsome metropolitan agency’s decisions lackwision.
Metropolitan planning is a needed keyword and idgeto highlight the complementarity and the need to
integrate logistics planning with the metropolitand regional territory. The proposal is to buildaljy
indicators through a data platform capable of defina spatial quality gradient of places from the
perspective of sustainability at different scalesoking at planning differently involves what wencaow
call a Logistics Meta-District (OECD, 2006) thatses a series of challenges typical of planninghé&ory,

the definition of transect linked to the Logistideta-District goes beyond the administrative bouresaof
municipalities, provinces, regions, and states. Odgistics Meta-District thus becomes a territogatity to
which no administrative entity of reference cormus. So, the idea is to develop a planning and
governance model and a project decision-making tool

3 THE RESEARCH’'S PRODUCT

3.1 A decision support system oriented to the public adinistration

It is a decision support system oriented to thelipwddministration or public entities to govern thketa-
district transect. It could also be a platform offitto private parties to calculate possible mitayaactions
(white certificates). Therefore, it is a questidrimplementing a tool called Metropolitan Cartodgnghat,
through keywords and critical concepts tuned to ghaciples and targets of the SDGs, can provide a
decision-making tool through quality indicators folanning metropolitan logistics caring territoriaad
landscapes. Our proposal envisages the productidfetropolitan Cartography open-source maps able to
produce a platform that allows decisions on th@eidgistics chain about the planning of the Itigssmeta-
district as metropolitan landscape. Instead oftexjssoftware products, which only control the lagte’
sustainability, the proposal aims to monitor theamt of logistics on the entire transect and thesquality
indicators to plan and design a sustainable teyriiGontin, Galiulo, Sanchez Fuentes, 2022). Tlkatases
the land use’s inferences through environmentahichpata and delivers to policymakers and admatists

the tool for the policies’ conceptual operators liecome territorial operations. Policymakers and
administrators can use these maps and then theasefto obtain white certificates, first, decideen, which
policies to implement and in which sectors to @ad design a sustainable territory.

3.1.1 The twin transition option
The project interprets the theme of digitisatioguieed by the EU twin transition mission in two vgay
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a) Prototype technology digitisation. This visidroald involve the development of a new softwarelygg
the Logistics Meta-District sustainability;

b) Digitization as an enabling technology. In thense, we can understand digitisation as the fobatitbn

of opportunities of existing digital tools that iagd the planning of the Logistics Meta-District.this case,
the technological component of the project is isauptive; therefore, we would have a project aord in
the transport planning part of the optimisation.

3.1.2 Co-construction of interaction areas toward intesgalanning

The issue is that logistical activities are rapidBveloping along the transect and need to be widdo
monitor their impact. Often, this observation igssible due to a lack of data, and producing taggom
mapping tool’s contents that must be fed with theads unthinkable. Then, the governance projecthza
developed according to two approaches that canueage the involvement of the actors in the trangect
make data available:

a) A participatory approach that relies on priclagerage sees logistics players entering the etmrayef
this platform by inserting the data in their poss®s and participating in planning decisions. laiguestion
of devising an objective incentive that monetigessharing of data (3% discount on IRAP or permaisso
enter the TL zone without paying);

b) A coercive carrot-and-stick approach.

In second hypothesis, observation takes place wfittiee involvement of data producers. In this calse,
project would produce data using, for examplegetiajries only.

The proposal should provide also a platform thaeokations of passive data and operational datadao
by companies can feed.

3.1.3 The need for a metropolitan scale vision and tineedsion of the landscape boundary. The areas of
interaction

The transect of the Logistics Meta-District is apsbf land with variable width. Concerning thigigt the
sustainability of logistics is based on the £#nission, which has to be evaluated in its impacbrding to
the bio-potentiality of the area. The platform waling the co-construction of planning rules for thgistics
district considers how transport (grey infrastruejucan also be an element of territorial consematit
helps the policymakers identify the most sustaimabhjectory, allowing them to make decisions about
environmental and social policies (for examplepres$tation is needed where there is a need tolakX0y).
The issue of logistics landscapes, perhaps onbeofriost impactful on the territory, must be platea
metropolitan dimension. The metropolitan visiorcigcial as it allows for decisions on environmeraatl
social operations at a large scale, which becoraesssary precisely through observation and colidioor
with the logistics transport sector. The issue agfidtics is essential on a metropolitan scale lsau
concerns the whole point of large-scale transnatiprojects.

Metropolitan areas have become distribution nodeglobal supply chains. As the distances involired
sustaining global supply chains have increased,dtbiibution function has taken on new significenc
particularly with the creation of extensive ternlifeilities such as ports, airports, rail yardsl amstribution
centres. These facilities handle movements comimg,fgoing to, or simply passing through a metridaol
area, an interface for the global distribution obds. With containerisation as the tool that suggporost
international trade, intermodal terminals have bazonotable features of metropolitan landscapes at
different scales. The theme of the scale of theriintion leads us to define the physical, soe@nomics
and governance’s dimensions of the boundary, sprthject is necessarily multidisciplinary.

4 THE METROPOLITAN PROJECT

4.1 The macroscopic level

Thinking about logistics, in theory, means lookiay supply chain techniques. Therefore, there is a
macroscopic level of metropolitan planning, i.deael that needs to be understood because, irotie of
the decision support system, it is necessary teigeoinformation to enable the public decision-nrate
modify the behaviour of the actors involved. Acdogito a definition typical of the discipline ofnsport, it

—E REAL CORP 2022: Mobility, Knowledge and Innovation Hubs
U (Y in Urban and Regional Development — Vienna, Austria



Antonella Contin, Valentina Galiulo

is necessary to reproduce the playing field in WHamistics actors play. Therefore, it is esserntidhave a
territory that, case by case, is organised accgrttirthe structure of the distribution networksveey that
region. Moreover, though, reaching the sustairtgbilihat is vital to observe are the strategic gaphical
positions where the facilities of the distributioatworks are located and, therefore, where waretsoasd
distribution centres serving metropolitan areas lacated. In the case of Milan, for example, today,
warehouses are almost at the city's gates.

4.2 The microscopic level

Today, it is possible in very central areas ofditg to see the location of large logistics distitibn centres,
which should also be part of a definition of geqipiaal and not just supply chain support points.

In the light of the SDGs principles of sustainabiljUN-Habitat, 2022), it is necessary to find anpof
synthesis between the geographical and econonimnvi¥he mediation point can be related to the micr
level.

According to the Italian Law: n.84-1994, and AC 22% 2020 (Parlamento ltaliano, 2020), the strategi
system planning document presents the definitionthef inter-port and city interaction areas sayihg t
municipalities in which they are located have plagnsovereignty over their territory, and the ifpert
system authority has planning sovereignty overdlestics domain. However, if there are areas whieee
two planning systems overlap, the two authoritiasstrconfront each other and agree on their objestiv
which are often very different. That has histoficalever been the case, however.

If carried forward, this reasoning of the interantareas between inter-port and city needs a hablalows
the co-construction of decisions on the plannindogistics forecasts starting from a macro metribvaol
dimension. At that scale, the list of supply clsdimdicates how broad the analysis must be bet¢hadecal
flows are part of large over regional flows syst&till, when we enter the microscopic, it is fundartal to
define the question of the logistics-city interanti

=R QAT 2
T Melzo
Lombardia-Italy |/

POLITECNICO

Map of Dynamic (M)

Fig. 1: Map of dynamic in Melzo Case study accordimyyletropolitan Cartography Methodology.
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5 THE CARTOGRAPHY TOOL

5.1 Metropolitan Cartography and Quality of Metro-Space indicators

The proposal is to experiment with an implementatibthe tool called Metropolitan Cartography gened
from a Glossary (TELLme MGIP Software Glossary fitepvw.tellme.polimi.it/tellme_apps/telime/login)
that allows us to create connections between cdsicapd keywords (the structural elements of the
metropolitan territory) creating a new taxonomynfrtheir relationship. The relations between corsepd
keywords harmonised concerning the principles amngets of the SDGs allow us to navigate through the
complexity of the data in a controlled manner adioay to the Metropolitan Discipline. The Glossary,
together with the Metropolitan Cartography, serieéelp us in the data mining phase to select pegci
those data that in the representation betweenifffeeeht scales can help us represent an impadtitton on

the existing state of territory. The tool conceilmdthe Tellme co-financed European project hasaadtl us

to generate a set of maps called Protocol Mapsyhith information (data) and concepts are packaged
through a structure that declines on differenteand themes. These maps are not thematic bunesignt
because we have tried to cross-reference datateatot only data relating to the city, i.e. thbaur core,

but also large-scale spatial data and economicaadl data. So, in addition to the global operrseulata,

we have selected Istat statistical information that have tried to refine concerning the needs ef th
Glossary. The maps give us the possibility to ustaded the structure of the territory. However, data
have not been generated to remain only in a pagaees they can determine Maps of Dynamics withifiTan
Hub (TELLme Hub http://tellmehub.get-it.it/). Thergpect tests how open source data can also have
visualisation and validity at the local scale.

The idea is to systemise the open-source datasthatture the Protocol Maps through inter-scalatiap
applications that already give a planning visionaagaction to the metropolitan dynamics that cabse
territory's vulnerability. The metropolitan dynamimap allow us to analyse the impact phenomenen t
metropolitan transects of the Logistics Meta-DgdtriVe thus investigate the spatial, social andegucal
components that determine degrees of Rural Negtealue to the expansion of unconnected logistics
centres. It is a qualitative indicator of Urban-&urinkage that interprets the state of care afiralrspace
that can no longer be described only as such. Rigglection is an indicator of the quality of theban-
rural landscape between the interstitial spacasfigstructured rurality, i.e. areas containedhia system of
infrastructural networks between small and mediizaes cities, dependent on the Metropolis for thoevd

of economic and social capital and territorial d@gan. It is an analytical device to establishgressions of
spatial quality through Metropolitan Cartographyislan indicator constructed through the interpotaof
open-source data, the same used to build the Pltatwaps, aimed at determining and reporting a schle
synthetic values to analyse spatial relations betwtbe multiple physical components of the rurabam-
urban space under study. The Rural Neglection #tdicis necessary to handle care conditions in
metropolitan rural landscapes. The Rural Negledimoiicator aims to determine a value gradient gies,
abandonment, disorder and lack of care of the pphawiginal agricultural vocation that is now sedj to
new metropolitan metabolic dynamics and projects.

This indicator is then linked to a second indicatbe Green-Grey Continuity Breakdown, which intiésa
the break in the continuity of the metropolitarusture constituted by the green-grey infrastructoe¢ does
not correspond to generic ecological corridorsdisib relates to mobility, the existing infrastruetisystem
and the public realm. It is a tool to determin@ictural sensitivity in specific urban-rurban-rukatations in

the metropolitan city at the urban scale. The cautly of the Green-Grey Infrastructure (Contin, (@iano,
Nacke, 2021) has not yet been achieved and detedman the project scale. Green-Grey Infrastructure
Breakdown is a qualitative indicator that allowpresenting the fragmented character of metropolitan
landscapes, in specific urban-rurban-rural contetkiough a design reading aimed at marking forins o
discontinuity, heterogeneity and structural hylsddion between the spatial categories belongin@reen
Infrastructure (London City Hall, 2018) and thosddnging to Grey Infrastructure. These are placksre/
the existing architecture and urban fabric oftemdbcooperate with the formal matrix of the metidpn
landscape units to determine unitary interventitihvag intend to give new shape and new meaningdo th
places of the city.

Quality indicators are capable of defining a ranfeuality gradations at different scales, whictartsng
from the open-source data, will make it possiblesystemise and interpolate the various conceptstarsd
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the multiple levels of information which we deduitem the Protocol Maps (Contin, Galiulo, Sanchez,
2021). To create quality indicators, the study frtime macro metropolitan scale focuses on specific
landscape units determining a research frame ocamdiitlentifying a unit of action within the broadeld

of action of the Metropolitan territory. Seekingdamften constructing data at a shallow scale thalways
open and related to the Metropolitan Green and @rfegstructure means not considering transportmptay

as unrelated to achieving sustainability. We hageagraphical base determined by a blue infrastractnd

a green infrastructure and precisely logistics ésswhose relationships are conceptualised throhgh t
choice of some Key Words and Related Concepts riaed) with information levels contained in the

semantic packages of our Glossary.

Fig. 2: Metropolitan Area of Milan. Rural Neglectia qualitative indicator related to Urban-Rurahdscapes in between the

interstitial spaces of infrastructured rurality.€jhare spaces of interdependence from the mairokiats for flows of productive,

ecosystem and social-economic services. Rural Néégteindicates gradients of eco-tonality to estgblprogressions of spatial
quality, through the Metropolitan Cartography’s maps

InterphaselV

Interphasel Interphasell Interphaselll

Fig. 3: The urban-rural interphase, in the metrid@olcity, is a morphological space, linked to $treictural and formal conditions of
the land according to Green-Grey Continuity Breakdown

The idea is to systemise the data of the landscafts set on specific quadrants (relative to stiate
geographical support points for the project), baongdoxes (micro-action units) and particular fieitl
action (macro-action field) specific to the casedgtto determine, through our Maps, Meta-projestplan
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for the shareholders’ negotiations. We want tossttbat it is not only the issue of the impact thirests us
(which has already been explored) but also theilpitigs of generating meta-project maps that catdgu
administrations' decisions toward priority sectqalicies.

6 THE CASE STUDIES

6.1 Piacenza_Melzo Logistic Living Laboratories. The Lgistics Meta-District: Linkage Territory-
City-Logistics Pattern

The Metropolitan Architecture Project concerns @veas in the cities of Piacenza in the Emilia Ramag
Region and Melzo in the Milan Metropolitan areaeTddoption and dissemination of innovative mobility
solutions based on best practices, replicablealagplanning in the neighbourhood involved in theppsal
as a living laboratory contribute to the achievemehthe priorities of the European Green Deal (EU
Commision, 2019), which stresses that “transpodukh become drastically less polluting, especiafly
cities”.

The first case of Piacenza objectives of the ptagéing via Emilia presents the development ofgéeeral
theme of the optimal distribution of the land usi& both in the urban centres and in the suburlukihg for
the rationalities of the plan to achieve the beshlzination of residential, commercial, leisure amdlistrial
spaces to reach the most sustainable mobility noatt@ntegrated mobility) according to the avaitakind
future transport demand and supply. Moreover, wetw@emphasise the need to determine new patbérns
linkage between the territory, the city and thedoicdive areas. This is not only to solve the stradtlack of

a connection avoiding the fragmentation of areas the consequent services inaccessibility for thostm
fragile populations but also, to create a publ&imecapable of constituting the new idea of inalasand
democratic urbanity at the metropolitan scale.

Obviously, to assess the value of using integratesfainable mobility at the local scale, it is resegy to
understand better the impact of the interconneetesirof HGV freight transport and the burden of e-
commerce on unsustainable delivery patterns, sachuat in time” deliveries producing longer jouyse
with more and more empty light-duty vehicles (LDVgotentially leading to increased congestion,
pollution, greenhouse gas (GHG) emissions and antidalong the transect, right down to the debinitf
the physical location where the interchange mus dace.

The proposal intends to optimise the potential ofistrategically located land owned by public auities
(unused railway tracks and marshalling yards, estdte, car parks) or logistics service providerarban
areas to develop a comprehensive policy stratedypamjects on the entire landscape section thagiates
transport, logistics and land use returned as camand public space to the community.

Improving spatial management and urban planningoleysing on the “new normal” after the Covid-19
pandemic, considering how cities are optimisingcepplanning and allocation, also means thinkinguabo
shared transport facilities for passengers and gobdr example, train/highway/light rail/active il
interchanges could provide space for bus parkimmpnduhe day and local delivery centres at night|uding
integrating transport centres in commercial anecefbuildings, shortening last-mile delivery distes and
providing accessibility for passengers.

Starting from a definition consistent with the suisability principles expressed by the SDGs, fiassible to
demonstrate the viability of economically feasilaled design sustainable solutions driven by relevant
technologies (e.g. real-time traffic informatiopase management, electric car data) and the igetitiin of
governance/regulatory models that can influence atfierdability of sustainable mobility consolidatio
unswerving the need for full planning of loadingdannloading spaces, to provide services and goods,
moving towards a scenario where there is no dophblking or no unsafe situations for cyclists and
pedestrians in cities that cause congestion ardirisia

The final objective is to rethink the city's st that integrates its different functions throwghnkage
pattern based on the definition of the green-gnénastructure as a tool of interscalarity betwedvan parts
and of a precise landscape image constructionidgfamnew idea of the public realm.

This vision is based on the conviction that thegptgl dimension of the city determines the impletagon
of governance (Dente, Bobbio, Fareri, Morisi, 199@m form to norm. It thus allows a sharing of
appropriate principles by the main shareholdersn{oipality, floating and settled citizens, logistiperators,
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couriers, and private institutions) for the devehgmt of sustainable and safe practices that daterensense

of metropolitan urbanity capable of connecting diféerent scales of the city. Addressing the issoiel®w-
emission zone design by employing reliable datddea the consolidation and management of space by
establishing a dialogue with shareholders to de$mstainable urban logistics plans and environntignta
friendly e-commerce solutions that can also deteenmew morphologies, functions and new metropolitan
urban morphotypes (Contin, Galiulo, 2020).

The case of Melzo is paradigmatic too. The desigih® new passenger station connected to the dargo
must be considered a driver of change for the ettuffer area between the historical city and tbes n
logistics. It must thus connect transversally byirg quality and vertically by generating a publalm that
holds together the historic Cascina Triulzia buitdivith its garden and the school complex to thehnioy
rethinking the use of the remaining intermediatecagfural fragments bringing them back to publsz=u

7 CONCLUSION

Assessing how urban space is used and allocatatidatistribution of goods and parking would alltow
mitigating impacts on congestion, noise, road tdgaair quality, greenhouse gas emissions andhiltya
Still, it would also allow for the return to thetyiof significant portions of land currently negied,
assessing the impact on the existing and plannsidieable mobility model. The proposal should adslre
the dynamic reallocation of space for the integratf urban freight transport at the local leveg tmpacts
of use on urban and public space, and the optinnalbfspace distribution and land use. Project peas
address the potential of strategically positioneobo (or peri-urban) spaces to develop and impléraen
pilot demonstration integrated with parks, treesthier green recreational areas. The objective reduce
the impact of freight transport and logistics oa titban fabric through integrated mobility and gyaif the
public space. Projects could consider the involvenod real estate companies, logistics service ipers,
together with municipalities and citizens to deyeBustainable planning models and spaces desigmed f
open and clean consolidation hubs/spaces in ¢#igsthe use/sharing of existing private locatiand other
potential areas available in the city), for the aiyric reallocation of spaces building a new pattdrarban,
rurban, rural, and natural linkage patterns.

Fig. 4: Strategic Plan for Melzo in Metropolitandistic Meta-District of Milan
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1 ABSTRACT

Serving Smart City (SC) and societal objectives. gontributing to better air quality and combat @orona
virus), a novel measuring device is presented asatiest offspring of the SC Ecosystem Mannheinthis
paper — based on the description of the concertéditees of the various players of the Mannheim SC
ecosystem — we aim to present the findings of tuaysof the distribution of gases and particles Hreir
impact on the health of SC citizens of all ages trd ecological balance. Furthermore, the relakigns
between CO2 and liquid aerosols is discussed. titicpkar, the questions of how corona-relevant tatsp
spread and how quickly they evaporate are invastigah broad portfolio of possible applications gested
by Nevoox rounds off the article. The practical ecas interlinked with the results of the DevOps
Competences for Smart Cities project with compederaeing the common denominator. The case reflects
necessary transversal (such as creative, innoyaiteepreneurial, networking) and technical compets
(i.e. related to coding, data architechture, bitadeloud computing or Al) to exist in an ecosystaiming

for sustainable innovation.

Keywords: health, ProxiCube, ecosystem, Smart CigyOps

2 INTRODUCTION

The intensive SC engagement, positioning and bngndf the City of Mannheim (Smart City Mission
Statement 2030; Bitcom Award for Administration;gkpved Role Model Project Smart Cities; future-groo
city quarter development ‘Franklin’; Urban thinkeampuses) sets the stage for the product's current
international success. The Mannheim Smart Productietwork is a nexus between manufacturing
companies, research institutions and B2B solutimvigders. Here, the idea of the cube-shaped meitssr
system was created during the development of thd generation of Industrie 4.0 manufacturing.
Furthermore, the Wirtschaftsforderung Mannheim giotion of the Economy) provides know-how on
location, real estate, financial promotion oppoitigs, recruitment of qualified staff or companyntacts.
Mafinex is Mannheim’s technology center for stagulpast but not least Mannheim’s universities ptoipe
town’s SC movement. The University of Mannheim stifecally accompanies the SC Model project and
investigates, for example, the influence of SC ariad imbalances. The University of Applied Managsm
Studies Mannheim was a partner of the EU supp@mej@ct on DevOps competences for SC having created
the globally first MOOC program in this emerging okrledge stream. To provide some theoretical
underpinning, this paper revisits two previous Reaps Conference presentations on DevOps competence
and Urban Management (Kaufmann et al., 2020; Kanfn& al., 2021). Last but not least, the Univgrsft
Applied Sciences Mannheim: the device developmesd led by Dr. Thomas Schafer from the Institute
CeMOS of the University of Applied Sciences Manmheilhe industrial production readiness of the final
product was achieved by ProxiVision GmbH/Bensheand the responsible sales partner is Nevoox
GmbH/Mannheim.

As a competitive advantage, the novel low cost @ewllows a much more structured and small scale
environmental monitoring than was possible beftsedevelopment and mass production. Suggestions for
further research refer to the possibility to keegahs of measuring cubes in operation in parath this
information, smart cities can be optimized by meaguenvironmental conditions in existing urban iqees

or districts aiming to counteract detrimental capsnces, thereby benefitting the health of theemis of all
ages and the ecological balance.

For this reason, the following experiments, appiocaexamples and possibilities focus on these @spe
Furthermore, the relationship between CO2 anddi@qérosols is discussed. In particular, the questal
how corona-relevant droplets spread and how quitidy evaporate are investigated.
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3 MATERIAL AND MEASUREMENTS

The device, dubbed ProxiCube, is a cube-shaped-samsor system with an edge length of 8 cm (Fig 1)
lead-developed by Dr. Thomas Schéafer from the CeMO@petence centre at Mannheim University of
Applied Sciences. It measures distributed envirartaledata such as CO2, TVOC, temperature, pressure,
humidity, luminous intensity, loudness, but alseefdust and liquid aerosols. More values, suchoagign,
speed, acoustic frequency ranges, CO and mucheaarbe provided as add-on sensors.

!;‘B&

Fig. 1: ProxiCube NX3 series with digital display

All data are transmited to the cloud via radio tenretrieved, displayed, and further processed fitwen
database worldwide via authorization certificatealso retroactively via mobile phone or PC or cointr
centre.

Based on simultaneously measuring and storindhalleforementioned data via sensors, Al algorithams c
be applied such as correlation clusters to be deedurban planning and management. The device
categorizes dry particulate matter in differentesidasses and enables the exact identificationhef t
respirable load and of the amount of dust trappettié mouths and throats of citizens. The sameespm
liquid aerosols, which are measured separately fomn particulate matter. Fluid droplets are also
distinguished between respirable and non-respirabés. As to liquid aerosol measurement, the stdnda
integration of separately measured liquid aerosdisch this environmental sensor makes this device
worldwide unique. For the basic idea of the sepam¢asurement of total aerosols and the liquid part
patent has been applied for.

3.1 Outdoor and indoor air quality monitoring

The small and inexpensive sensor can generateatime sneasured values as highly complex reference
devices as it was confirmed by recent publicatibvegtphal et al., 2021) and additional comparative
measurements.
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Fig. 2: Calibration of ProxiCube NX3 with Palas Fi@&® with room dust

In Figure 2 the measurement of smoking candelsimxlosed chamber is shown. As you can see both
Proxicube and the reference measurement devices 2@ show similar particulate matter concentration
Due to the inexpensive nature of the cube, foffitsetime, urban planners are now able to usereetyaof
measuring cubes not only to monitor particulatetendh a simplified way at neuralgic points in egj but
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also to quantify its local distribution. They cdior, example, investigate the question of how far diust on
the main road travels into the side streets, dowphich floor of a high-rise building it rises.

In addition to monitoring indoor air quality, thefluence of outdoor air on indoor air quality camnalso
be studied and, based on this, measures to impndeer air quality can be taken. To illustrate thirsloor
air measurements were carried out in the kitcheanahstitute.

35

0
5.10 6.10 7.10 8.10 9.10 10.10 11.10 12.10 13.10
Date [dd.mm]

Particulate matter PM2.5 [ug m

Fig. 3: Particle load in the kitchen of an ins&{€eMOS, Mannheim, John Deere Str. 81A, diametiemb2,5 pm

Fig. 3 shows the respirable fraction (< 2.5 pmjligf particles over the course of several daysdthten to
short-term fluctuations, which can be attributedhe frequency of use of the kitchen, a connectitth
weather events and the resulting fluctuationsne filust pollution can be identified (Fig. 4). Aetstart of
the measurements it was raining outside. Theretbee particulate matter concentration is relativiely.
During the following dry days between 06.10.21 €1D.21, fine dust entered the kitchen throughoiien
windows. This can be seen in the increasing backgtofine dust load. Towards the end of the
measurements, it began to rain again. This is lglediown by the falling fine dust loads. This makes
possible to localize the causes of fine dust ariditiate targeted countermeasures.
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Fig. 4: Weather data recorded during the measurepsgiod

In addition to monitoring particulate matter concations, the measurement of @@d TVOC shows
correlations between various environmental impacts.

Figure 5 shows the increase and decrease gfa@@TVOC in the kitchen of an intitute during omerking
day. The institute’s daily routine starts at 7amd aends at 6pm. Due to closed windows the
CO,concentration rises continuously until 6pm. Thera fairly obvious peak during lunchtime. The TVOC
measured values show a similar behavior. Theresigep rise in TVOC level at the beginning, a péakng
lunchtime and a steep fall at the end of the wayklay. Compared to the Q@lues, the TVOC value does
not increase over time, but shows a relatively tzonis/alue.

One can also notice that the progression of organigollutants, which also have causes other Huamans,
is not fully correlated. The TVOC sensor in thiseads non-specific and cannot distinguish betwedrest
vapors or outgassing of fresh rolls from the bakétgwever, specific sensors are available and cbald
integrated if required by the city optimizer.
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Figure 6 shows the course of particles in genad@ld plus liquid) in one curve and in a secondveusnly

the liquid droplets exhaled by humans during thenesaneasurement as mentioned above. Both, solid
particles (fine dust) and liquid droplets are cotigereferred to as aerosols. The fraction of aaglsoexhaled

by humans should be referred to as liquid aerd@abach et al., 2021). These liquid aerosols ormiguo
when a minimum human exposure is exceeded. Inweelllated rooms, no liquid aerosols can be found
because they evaporate near instantaneously.

As it can be seen there are two distinctive pefakdyoth general and liquid aerosols. The firstaler peak
during luchtime and a second bigger peak at 2pnwdfcompare the course of the aerosols with the
measurement curve for GQve see that the aerosol load does not correilegetly with the CQcurve. The
high CQload during the lunch break corresponds to the faegosol load and vice versa. The reason for
this could be that during the coffee break at 2. glmare were fewer people in the room than at ltimzh
(thus less Cg), but these people talked more to each other laungl more aerosols were produced. Overall,
this suggests that measuring £fne is not useful.
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3.2 Examination of temporarily heavily polluted parts of buildings: Airlock in a public building

Another series of measurements shows values ratord® two hours in an entrance area of one offrthi®
buildings on the campus of Mannheim University gfpiied Sciences. The area is located between a door
that opens to the outside and one that opens todlte of the building.
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Fig. 9: Liquid particle measurement course in thigace area during the lunch break

Approximately five minutes after the end of thetlges, an increase can be observed in both TVOdings
and particle readings as several students walkigir¢the airlock (see figures 8 and 9). The, @&ding over
the entire measurement period is 500 ppm due tbigiefrequency of door opening. The comparisothef
measurement courses of £@article and TVOC measurements clearly showsghgtcle pollution lasting
for several minutes does not correlate with,@@asurements.

3.3 Measurements compared to visualized fogging

A person enters a closed room with a volume of amnthe beginning of the measurement. After 20 beisiu
the person exhales the smoke of an e-cigarette didsgpation course of the exhaled cloud, a mixtifre
solid and liquid particles of different sizes amedpiratory gases, is recorded as shown in Fig. itBiftwo
seconds, the cloud passes over the measuring bagilile swirls and appears to become more traespar
due to the distribution.

wm

Fig. 10: Experiments in a closed room with e-cigiaredistribution of the cloud in the room.
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The first five vertical lines in Fig. 11 indicatee exhalation times. At the sixth line the perseaves the
room and from the seventh line the ventilatiorvigched on. The NX3 sensor records a liquid patadunt
of 28601 per cm3, which corresponds to aerosollatiba in the selected particle size. A CO2 congitn

of 2105 ppm is displayed by this unit as a peagrd@® seconds (see figure 11).
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Fig. 11: Experiments in a closed room with e-citfececomparison of CQand liquid particle readings directly at the saurc
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Fig. 12: Experiments in a closed room with e-citterecomparison of C£and liquid particle readings approx. 2 m from sberce

Another sensor is placed on the floor approx. 2wayafrom the experimental setup (see figure 12 Th
peaks are only recognizable as individual peakswitheking at the dCn curves. Here, a {@rrease up to
2400 ppm is registered after the first exhalatibhe aerosol measurement shows about 12000 liquid
particles with a broader peak curve.

3.4 Current and future applications of the Cube

This highly precise patent-pending technology fodtdor air quality and TVOC value measurement with
wireless communication via WLAN, Matter, BluetoothpRaWAN or more can be envisaged to be
potentially useful for the following manifold setgs (without being exclusive): offices and meetiagms,
restaurant and hotels, sports studios and clubstprapartments and houses, medical practicegjtalss
and clinics, nursing and old people homes, schditglergardens and day care centers, or hairdgessin
salons and cosmetic studios. The cube can be ciasiras to OEM’s requirements, colors, configuradio
or logos.
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As already indicated, in the smart city contexis throduct is intended to be further developedsimart
building management and smart homes further expdpiAl opportunities and networks such as Matter, a
IP based communication standard, or the DefinicdlON network technology. In this vein, future
applications might utilize intelligent sensing neddfor example, for motion and presence detecstagp
monitoring (i.e. for babies and kids), or fall dgten (i.e. elderly). In addition, relating to clate and
pollution issues, and as stated before, urban pltancan use a variety of measuring cubes in a gieapl
way at neuralgic points in cities and, additionadign quantify its local distribution.

On retrospect, the sequential and diverse procegge®d in this case might serve as a blueprinufban
management to initiate, plan and co-ordinate smiilaovative cases in the future. The followingtsat of
the paper will show that this process of effectiviean management requires to decide on desireditzeh
driven SC ecosystem achievements and outcomeshi©bdsis, the priorities in relation with the ciimhal
competences must be assessed and provided anly, fimglemented by an effective collaboration df$C
ecosystem stakeholders.

4 REVISITING THE DEVOPS COMPETENCES FOR SMART CITIES PROJECT IN
RELATION TO THE CASE

This paper revisits previous REAL CORP conferenesgntations (Kaufmann et al. 2021 and Kaufmann et
al., 2022) having provided the findings of the pabj,DevOps competences for Smart Cities' suppoted
ERASMUS + Sector Skills Alliances with the missido support Smart City administrators as well as co
operating companies and partners in competencdaggnent. The project identified the core competsnce
(digital, transferable, Smart City specific and Dgg specific) and future job profiles of city emptes.
The project’'s methodology was based on a critiealist reseach philosopy and a triangulated quiakta
and quantitative empirical research approach i fmuntries (Cyprus, Germany, Greece and ltaly). A
wideranging literature review and documentary agialjjad been conducted as to elicit market demamds
supply. The research was analysed using contefysis)aas well as descriptive and explanatory masho
such as cross tabulation, correlation analysisRitfs-tSEM analysis. The project resulted in the filsbal
MOOCs Course on DevOps competences for smart dititesentiated by administrative job profiles (sina
city planners, IT heads, and IT officers). A susahie network of International Best Practice waatd.

4.1 Competences reflected by the cube case

This paper contributes to the discussion on therip@ation of technical, citizen and people drivBmart
City philosophies. The cube applications refer be tpeople driven one due to focusing on health
implications and their implicit solutions for ciéms. It draws on the literature on data, technekgnd
infrastructure provided and points to the need faultidisciplinary literature in smart city themes
exemplified by aerosol research in the SARS-Co\batext and by technical related literature to idgnt
liquid and solid particles in ambient air. Develogintelligent measurement devices is certainlythettask
of city administrators, but, due to the significardntributions of the cube applications to smaty ci
objectives, the paper suggests enhanced undersgaofithe mutual competences required by all seigyrt
ecosystem actors involved in a team based develupapproach. This is also underlined by that th&a da
created by the measurement device will becomegbdhte information decision support system of tiras
city planner.

The integration of the paramount importance of mezment devices is suggested to be stressed ahdrfur
integrated into longitudinal studies such as tlidtratz-Ryan and Finnerty, 2018, in Kaufmann et 2021)
displaying the IT response to dynamic changes irarGrities via a Hype Cycle for Smart City
Technologies and Solutions such as artificial galnitelligence, smart building, data market placity
operation center, sustainability and COP21, smamitoring for public infrastructures, 10T platforand
Internet of Things, smart city framework, connedtethe, or intelligent building automation systems.

The experiment results of this paper support thaligtive findings of the project in that measurete
devices might be regarded as the very basis torgenkey success factors and competences for asvarde
smart cities (see figure 13): a smart city infrasture and a strategy for digital transformatioee(8.2. in the
following); as already mentioned, the findings loé &xperiments in this paper put the citizens imegal and
their health in particular at the centre of attemtithe existence of necessary skills such as nesefl
related, manufacturing and local and global mankesikills are confirmed as well as the implicit shiaty
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education and knowledge transfer (i.e. from theeassh experiment laboratory to the schools and
universites) to follow suit the market implementatof the product; last but not least, an idiosgticrsmart
city identity positioning can be achieved exemglifby health orientation or innovation in this case

2

Smart City Strategy for Digital
Infrastructure ransformation

Key Success Factors and
Competences for Awarded B

. Citizens

Smart City 4

Education Skills

S¢ e Smart Cities (Qualitative
Fig. 13: Key Success Factors and Competences fordadeSmart Cities (Qualitative Research)

Identity

Research)

Referring to the required typologies of DevOps cetapces for smart cities, this paper holds thatteims

of transversal skills - creativity, entrepreneutiaihking, the ability to work in a team, strategision &
strategy development (including switching from @tiemal to strategic competences, project and groce
management, design thinking, decision making, gmobkolving (& conflict solving), Leadership and
Management Skills (including change management, tiemking), stakeholder management, sustainable
development and advanced presentation skills hega bequired to develop and launch the productofll
these transversal competences have been confirmadnuously by smart city planners, IT heads and IT
officers to belong to the most important mandatorgs.

Referring to IT Management related competencesetigeriments provided in this paper confirm the
relevance of knowledge on software developmentyitkes, introduction to cloud computing and intéroie
things, system and software architechture, deabytics or risk management mandatory mainly foh€ads
and to a lesser extent for smart city plannerslaradficers.

Referring to smart city related competences, thjgep confirms the relevance of smart city platfqremart
city business models, smart city operating procesiusmart city sustainability, smart city resilienarban
management, smart city services with a specialfacuhealth due to corona crisis and citizen dfigren
orientation/user experience design to be most itapbrmandatory ones for smart city planners and IT
heads.

Additionally, this cube case very well informs dretmost needed competences in the field of redpititysi
of smart city planners as investigated by the DevPyject: Teamwork (i.e. regarding the nexus betwe
research, manufacturing and marketing), urban iatow (i.e. reflected in the unique selling propiosis of
the cube in terms of reduced size and implicitatutity and private application and health moversesd
well as multi-sensoring features of the cube) aser wxperience (reflected, for example, in the abbd
display of the measurement for the users). Witth&mrand ongoing development of applications, thise
case provided might also give good practice insight technical skills to switch from operational t
strategic tasks, I0T specific knowledge as welinaghine learning and deep learning, three compeseinc
which the highest training demands exist accortiintpe DevOps project's findings. In this wave, Dps
competences are highly recommended for furthewsoét development associated with the servicesisf th
cube, an additional high training demand assesgéaebproject.

Interestingly, the DevOps project revealed thatabmpetences in which training is mostly needed,ndit
overlap with those competence developments for wbicoperation with external partners is choseih sisc
mobile development, IT/cyber security or artificialelligence. The project researchers concludatttiese
needed competences are rated as very importatasahese should be trained and be existent isdou
instead of relying on external partners. This coége, which was very much a teamwork success efalev
partners, however, either suggests to reflect @hrawert this conviction or it might imply the peption
that the members of the smart city ecosystem areegarded as external partners by city adminmstsat
However, external knowledge co-operation, most gueddly- according to the DevOps project- with
consultants and online and distance learning willlee required, especially in those competencewlich
fewer demands for training have been identifiede Tioject revealed a strong positive and significan
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relationship between integrating DevOps competeitteshe own team and the co-operation with extern
DevOps teams with this co-operation having a stradding value to cities in the future (indicatinighh
perceived importance of DevOps and that DevOps etamges in the own team (at least partially) is
regarded a precondition for collaborating with eméd partners. Besides the already mentioned future
potentially very successful cube application in Health service, this measurement device might lzave
crucial future role to play in smart building/smdrdome city services. The DevOps project elicited a
significant relationship (0.01 level) between tloenpetence perception in this field and its curesrt future
importance for the city.

Based on the development of the cube case, therauththis paper conclude to widen the perceptitie
Jinternal team’ to a holistic smart city ecosystespresented by the quintable helix innovation framm
(Kaufmann et al., 2022) with the five sub-systerharoversities, industry, government (city admirasion),
the public (citizens) and environment. Regarding $imart city movement, the cititzens are regartied t
driving force. In the case of the City of Mannheitine interaction of these five players' is illusted as
follows.

4.2 Mannheim’s Smart City Ecosystem

The intensive global, European, national and laraagement, positioning and branding of the City of
Mannheim sets the stage for the product’s currgatmational success.

The Mannheim Smart Production network, initiated thg Mannheim Wirtschaftsférderung (economy
promotion) in 2016 is a nexus between manufactucimgppanies, research institutions and B2B solution
providers. Here, the idea for the basic shape @fctibe was created during the development of tké ne
generation of Industrie 4.0 manufacturing. The eknms ,Germany wide the only communally driven
platform for digitalization of production. It unigeca. 50 innovative startups, Mittelstand compargésbal
players and scientific institutions from IT and guction to a both, effective and efficient innndwat
cluster in the Metropol- Region Rhine-Neckar andpets digitalisation in the region® (translatednro
https://smartproduction.de).

Furthermore, the Wirtschaftsférderung Mannheim iifotion of the Economy) aims to support Mannheim’s
entrepreneurs to be successful and provides knew-bo location, real estate, financial promotion
opportunities, recruitment of qualified staff omgeany contacts (https://www.mannheim.de).

Being the home of more than 60 tech-orientatedugiay the technology center Mafinex is a ,hotspbt o
Innovation“ providing access to communication amdhange, a treasure of past experience, digitalvkno
how, and potential for possible co-operation andesyy between community management, startups and
investors. In the meantime, more than 170 startupse successfully supported for their market entry
(https://mafinex.next-mannheim.de).

The City of Mannheim positions itself as a digitahen, accessible and transparent City of the Butlr
terms of digital administration, the Digital Assatibn Bitcom awarded the city with the Smart Citywakd
2019 for the category of Digital Administration tire occasiom of the Smart Country Convention iniBer
The award is based on the Smart City Index, aaligiinking of 81 big German cities.

In the Vision statement on ,how we would like tedi, emphasis is placed on putting the human biginlhe
very center of ,smart' and ,sustainable’ ideas deped together with and for all citizens, assooiadi
public institutions, startups or traditional comfgn for a city which is worth living in. Digital an
intelligently connected technologies shall be usechake life easier. Climate neutrality, resourffeiency,

simplification of life and an ever stronger senSe@mnmunity are the city’s objectives.

For the strategy development the city follows aaravching roadmap:
» Developing a Mission Statement 2030 ratified byditgs council (Gemeinderat)
« Decision on the digititalization strategy with 4@asures and projects ratified by the city’s council
« Workshops with participants from central resority-owned companies and communal enterprises
e Application and Award for the governmental programmodel project Smart Cities

Together with other 31cities, the German governnilinistry of the Interior, Construction and Hometh
BMI) granted the model project called ,sMArt rogtgith MA being the city’s abbreviation) to the cityhe
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model project's Smart Cities are promoted by KiWdd#itanstalt fiir Wiederaufbau - credit institute fo
reconstruction). In addition, the BMI launched aaotdination and transfer center consisting of DLR
(Deutsches Zentrum flr Luft- und Raumfahrt- Germdarospace Center-, Fraunhofer, Difu (Deutsches
Institut fur Urbanistik- German Institute for Urhatics, Creative Climate Cities, Prognos and opiatners,

as a precondition to expand knowledge to a wideugrof communities. The University of Mannheim
scientifically accompanies the Smart City Modeljecd and investigates, for example, the influente o
Smart Cities on social imbalances. The focus & finoject is to utilize digitization to improvedifquality,
upgrade public space, becoming more citizen ceshtne efficient, especially in the fields of energgffic
and resources based on a validated, interconnectédsector transcending smart city strategy ank® agi
processes. The results of this project should hawte modelling character.

« The sMArt City Mannheim GmbH (Society with limitdicbility) was founded, a Joint Venture of
the city with the energy enterprise MVV Energy Atsexpand on recycable energies, for example,
based on a photovoltaic initiative aiming to makkeceicity consumption of city owned
establishments totally climate neutral by 2027. Thg has been selected by the EU mission 100
climate neutral cities by 2030.

« Finalising the Smart City strategy in September2202

« Consultation and decision on the strategy in thinroammittee of the city’s council (Gemeinderat)
in autumn 2022.

» Launching the Bundesgartenschau 23 (BUGA- Nati@aben Show) in Mannheim

The Smart strategy, furthermore, is informed by rtbgults of the innovative open exchange platfoom f
Urban Thinkers Campus, an initiative of the Worlcbah Campaign of the UN Habitat program aiming to
promote sustainability in cities. Here, urban repraatives and local and international expertsigeoinput

to societal developments on a global level. ,Teeddannheim ist the only German city to have orgeahi
this innovative format® (https://www.mannheim.d&§ince, 2016, this event takes place on a yearly re-
occurring basis.

Both, social (socially mixed district) and ecolagisustainability objectives are pursued by thestyment

of the Franklin village, a future-proof city quarte be completed by 2025, the former largest lchaaite

of the US Armed Forces in Germany, consisting wé fargely mixed-used neighborhoods on an area of 9
ha (https://sdg21.eu). Existing buildings will beeegetically renovated and new ones constructeailiet

ca. 40% of the total area dedicated to a mostlgrgpiblic open space. The mobility concept allccatgpial
importance to all transport users, and ,public $port is complemented by innovative, low-emission
mobility offers of the sharing economy (rental hikental car system, establishment and operaticancg-
vehicle fleet* (https://sdg21.eu). ,In the Squameject, GBG — Mannheimer Wohnungsbaugesellschaft -
public utility housing enterprise- is developingotwxisting buildings into ecological model housesheT
sustainability of the methods will be measured andthpared by means of a 3-year monitoring of the
measure after completion of construction® (httpsjl .eu).

Last but not least Mannheim’s universities propeé ttown’'s Smart City movement. Besides the
aforementioned involvement of the University of Maeim in the ,sMArt roots project’, the contribori of
other Mannheim universities, in particular thatteé University of Applied Management Studies Manmhe
i.e. by developing the cube case at hand, and thieetsity of Applied Management Studies Mannheim
(HdWM) participating in the DevOps Competences $onart Cities project have already been described
before in detalil.

5 CONCLUSION

Referring to the first part of the paper, the ekpents confirm that a small and inexpensive seisor
generate the same measured values as highly commpference devices in a more simplified and
decentralized and even private manner. Besidepdissible correlation between different environmienta
impacts, indoor conditions can be correlated witlidoor conditions enabling the design of targeted
counteracting measures to improve the respectivatgin. The experiments showed that,Q@easures
should be supplemented by factors relating to huexgiosure and ventilation.
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Referring to the second part of the paper, theriest activities of the various stakeholders nmirttoe
relevance of urban management model suggestegrievaus paper (Kaufmann et al., 2022) in termthef
collaboration between the diverse players and #sireldd Smart City outcomes (see figure 14). Thhaat

of this paper suggest to base the Smart City giyatsn existing or newly created competences and
increasingly on measurement devices, as this -h@sDevOps project has shown- will determine the
priorities and collaboration.

Collaboration
between SC
Ecosystem
PRIORITILS Stakeholders (Focus
on Citizen Centricity) DESIRED SMART CITY
OUTCOME (Depending
on specific context)

s
Do

Quality of Citizens’ life
Quintable Helix
Innovation Framework Sustainability Standards

Open Innovation Possible Convergence

Platforms gap (municipalities —

Rural, Regional and citizens)

Competences National Hubs

Economic Convergence

Domain Effectiveness
Transversal competences

(including, for example,
planning, innovation,
culture, soft skills...)

Metrics

General IT related
competences

IT specific competences

SC Idiosyncratic
competences

Source: developed from the authors based on Agbali (2017) Allam (2019), Appio et al.
(2019), Charalabidis et al. (2020), Cukusic ef2019), Garg, Mittal and Sharma (2017),
Kaufmann et al. (2020), Lytras and Serban (202f3s&o and Kauppinen (2016), Umar
(2018

Fig. 14: Urban Management Model
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1 ABSTRACT

The impact of the COVID-19 pandemic has reachedyeserner of the world despite being essentially an
urban crisis. The combined effect of weaker urbgtesns, a plethora of perennial urban problems,tlhad
sprouting informality have exacerbated the scowfeoronavirus impact in most African cities. The
introduction of restrictive measures to restraia gpread of the virus had brought about dramatngés
herein referred to as the new world order emandtimm the assertion that with coronavirus impaites

will never be the same again. Very little has betmied and documented about this mantra. Thisrpape
interrogates the revival of the “old order” withthe informal sector (street trading) by evaluatithg
changes in implementing the COVID-19 control measuduring the peak and off-peak periods. The study
adopted a case study research design. A mixed oethpproach was applied to gather qualitative and
gquantitative data through interviews with tradengl aritical informants in Bulawayo. Triangulatedagis
longitudinal survey data, desktop review data, gedspatial data were analysed using content agaiysi
create themes on the changes that have been exqestieThe results reveal that for the majority ity c
residents, most of whom are struggling to survigenemically, livelihoods and survival strategies ar
matter of priority compared to concerns about cawinus dangers. Consequently, the short-term and
reactive measures to curb the effects of the COlADpandemic do not feed into the long-term,
transformative, structural changes in city systemsnost African cities. Urban studies scholars n&ed
explore the pro-poor urban resilience strategidarmaem with the cityscapes that are bedevilleth fidtrce
urban contestations without worsening the residamisio-economic status. Comparative studies asgess
the relationship between the “old order” and thewnorder” in the Global North and South contexis ar
critical.

Keywords: Old order, New order, COVID-19, Transptidn, Informal economy

2 INTRODUCTION

The world over, cities are the vanguard and fromtrk in fighting two major battles: the currenolgsl
health pandemic and climate change. December 28%9tkse beginning of a highly contagious novel
coronavirus in the city of Wuhan in China whichelabecame a global pandemic called COVID-19. The
disease generated an international public healdrgancy. It was declared a world pandemic on Madch
2020, by the World Health Organisation (WHO) whemvas reported to have affected around 5,000,000
people in more than 200 countries around the wofltzdizadeh et al., 2022). There is no doubt titesc
bear the worst effects resulting from global healimdemics. COVID-19 is not the first outbreak tiike
cities of the world (Cobbinah et al., 2020; Eltalal& Elgheznawy, 2020; Matthew & McDonald, 2006;
Nakamura et al., 2020) and will not be the lasttolighout history, cities have often been tormerigd
contagions (Banai, 2020; Cobbinah et al., 2020ar&hily & Elgheznawy, 2020; LePan, 2020). The Black
Plagues killed one-third of Europe and the Middéssttduring the 14th century, yet the 1918-1920 Glea
killed 50 million people worldwide (Florida & Stoep, 2021). Over 90% of all reported global coronawi
cases and fatalities have occurred in cities, némgléhe pandemic an urban crisis. As a result oiibreak

of the coronavirus disease resulted in severe s of the informal sector in many African citieesding

to a quick conclusion among scholars and commanst#tat our cities ought not to be the same agaéintd
the COVID-19 pandemic. This study focuses on thaparative analysis of the COVED-19-induced ‘new
order' and 'old order' in an African city setupsdeks to investigate the processes surroundingsheration

of the 'old order' during the peak of COVID-19 lne tBulawayo metropolis.
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2.1 Background and Context of Study

The COVID-19 pandemic is the only one that hasrigikace at a time when information generation and
dissemination have been made accessible by modehmdlogies and media platforms. So, COVIB is
also an 'infodemic' characterised by the bombardwieimformation (Chakravarti et al., 2020). Evéroagh
rapid dissemination of valid and reliable infornoatiis indispensable during this period of high utaiaty
when everyone is grappling with the question, ‘waed how is this pandemic going to end?' (Chaktagar
al., 2020). Amid the significant global battles¢lswas the fight against climate change and healtidgmics,

it is crucial that we take stock of our cities digire out where they are headed. This is so bectngsurban
populations are ever increasing. Over 55% of thedvpopulation now resides in cities (United Naspn
2019) and 68% of the world population is projectedive in urban areas by 2050 (UN DESA, 2018).
Likewise, Africa is currently the fastest urbangicontinent in the world (Lall et al., 2017; Pharpa016),
whose growth rate stands at 3.2% per year (HeR020); The Brookings Institution, 2021).

Consequentially, the outbreak and the resultaeiceffof the COVID-19 pandemic have ignited the teeba
around the effectiveness of city planning practicéfrica in general and in Zimbabwe in particulsivhile

the pandemic brought about so many negatives t@huifie, engagements that seek to reflect on hdnarur
planning protocols can promote the public healtenda in Africa as a continent should be taken as an
opportunity (Cobbinah et al., 2021). Notwithstamgdithat the COVID-19 epidemic has reached its peak,
there is still a need for more knowledge generatoound the subject. Identifying knowledge gaps for
research prioritisation in the realm of health ganits in cities is crucial (Yazdizadeh et al., 2022

Central and local governments rely on COVID-19-iceli trends to guide urban transformation toward
sustainable cities (Aki-Sawyerr et al., 2021). Basa& obtaining trends (both peak and off-peak)hef t
COVID-19 pandemic, there are varying standpointsualthe world's future. Critical decisions have rbee
made too. From various perspectives, researchetscammentators made exciting inferences about the
pandemic and the future of our cities. When supsosed on the African cities' set-up and complexitibe
most connotative COVID-19-induced hypotheses ofstieeeotype fashion include but are not limitedhi®
following: 'Our cities may never look the same agaifter the pandemic' (Holland, 2020); 'There is
compelling evidence that cities will never be tlaene again'; 'The COVID-19 pandemic has changed the
face of the world' (Global Cities, 2021); 'Citiesnniot be the same after COVID-19' (Barcelona Qitst,);

'‘Our cities may never look the same again aftepdraemic' (Cable News Network, 2022); '...the did i
gone forever' (Wilson, 2021); 'Covid-19 on top @fmate change — a state of permanent crisis' (barss
2021); and 'The pandemic is transforming urban (Féorida et al., 2020). These inferences areegestype

in that they paint all the cities with one brush,,ithat of COVID-19-induced permanent changecédhe

‘our cities will never be the same' mantra- whitl paper seeks to argue against strongly. Intaghgt not

all the temporary changes to city life emanatirgrirthe global pandemic outbreaks will permaneritigr a

all the world's cities (Moore et al., 2020). Thtlse above-stated conclusive inferences are a Yaifawot
prematurely pronounced.

On critical decisions, governments introduced lasiads which altered city dwellers' daily habits @t&ni

et al., 2021). There was also the adoption andresrfieent of public health measures that sought t@itu
the contagion spread alongside the provision afttnent for those who fell ill. In most African @8, urban
planners quickly adapted cities to lockdown measuegher than the pandemic, perhaps to keep cities
functioning during such desperate times. However dffectiveness of such changes largely dependseon
cooperation of urban residents in general and fipek groups such as the vendors, youths, assport
operators, among others. This leads to the questionwill the changes last?' (Holland, 2020). Doeghe
massive changes in urban systems due to the CO9I@utbreak and its impacts and a plethora of measur
to curb its spread, a 'new world order' buzzword @re assertion that ‘with coronavirus impactgsitivill
never be the same again' have emerged. Very ttfebeen studied and documented about this mantra.
Consequently, this paper interrogates the revi¥ahe 'old order' within the public transport amdormal
(street trading) sectors by evaluating the chamgdbse implementation of the Covid-19 control maasu
during the peak and off-peak periods. Consequethitypaper explores in detail the ways/pathwayshith

the present public transportation and informal areoperators relate to those of the times befocedaming
Covid-19. Despite that cities may survive the Cel@dpandemic by evolving (Kiger, 2021), there is no
compelling evidence that African cities are on #helution path. There is no sign of change in the
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informality space in Zimbabwean towns regardlestheffreshness of the impact of the pandemic. ribis
business as usual.

3 LITERATURE REVIEW

3.1 Urban Informality and Health Pandemics

Urban informality is not only a Zimbabwean featutes also experienced in other countries in Adriésia,
and Latin America. The prevalence in developed tr@sis not as high. For the third world, the mmhal
sector amounts to approximately 25% of the econ@uflyiriri, Rutendo, 2010). In Nigeria, the informal
sector contributes 75% of the official GDP compatedbout 10% in the USA (Ndiweni & Verhoeven,
2013). The informal sector economy accounts for B@%mployment across Africa and remains the bigges
employer in Sub-Saharan Africa (UN, 2015). In Zabtve, the informal sector economy was 59.4% of the
GDP in 2004 (Ndiweni & Verhoeven, 2013), and thetaeaccounts for 85% of the national workforca . |
the 1980s, just after Zimbabwe attained its inddpane, the informal economy accounted for less 1@da

of the workforce (ILO, 2017). Since adopting sturat adjustment programmes (SAPS) in the early 4990
Zimbabwe has developed a very vibrant informal@edthe informal economy's employment grew to 27%
in 1991 (ibid). The contributing factors to the @th of Zimbabwe's informal economy include the umflof
people into urban areas in anticipation of greguastures, natural population increase, and empliayeéfs
due to the closures of companies in the formalbseathich resulted in the rise of unemployment Is¥eom
11% in 1982 to 22% in 1992 then to 30% during tharyl995 (ZimStats, 2014 cited in Sikwila, Karedza,
and Mungadza 2016).

The nature of responses to urban informality vasigmificantly across nations. The outbreak of tieal
pandemics usually exerts pressure on the difftcuttanage informal sector. The forms of urban imizlity
usually range from street trading, informal setéets, and informal transport (Kamalipour & Peimani,
2021). Urban informality refers to practices anthvéties that are undertaken beyond what the mpaiiy
would define as "normal" and that exist contranspatial planning stipulations (Gumbo & Geyer, 2811
Kamete, 2013; Roy, 2017). Even though integrating informal sector into the formal economy is
inevitable (Chigwenya, 2020; Gumbo & Geyer, 2011ib)most sub-Saharan countries, the spreading speed
and severity of health outbreaks such as CovidrtBcholera are partly shaped by the prevailing ecoo
conditions, especially the informal sector actestiNguimkeu & Okou, 2021). For instance, the cavins
outbreak as a world pandemic has significantlyrattehow daily life plays out in urban public spaces
(Kamalipour & Peimani, 2021). The imposed lockdovamsl other pandemic spread containment measures
have struck a hard blow to the informal sector (hpour & Peimani, 2021; Nguimkeu & Okou, 2021). On
the other note, the literature indicates that thelara health crisis is closely associated withorimfal
housing, population density, and street tradingh{@se et al., 2010). The growth and expansion bamr
informality in African cities will be associated thiincreased risks to human health (ibid). Moreresearch
shows that a higher share of informal labour ineesahe spread of health contagions (Nguimkeu &uOko
2021). Ideally, there are two perspectives conogriine role of the informal sector during a healtisis:

due to its volatility, informality is the immediatrvival option in an emergency; the informal emoy
suffers a loss, and also informal workers' vulniitgbis increased during a crisis (Pitoyo et &020). The
informal sector thus serves as a buffer duringthealtbreaks.

3.2 Theoretical Framework: Substantive-Procedural Theores of Planning Divide

This paper is premised on the substantive versosepural theories of the planning debate. It ubes t
substantive-procedural theories of planning divade the analytical puzzle. Before the aforementioned
planning theory dichotomy existed, one mainstredmplanning theories, i.e., procedural planning tie
The mainstream planning theories inform planningcpece primarily hinged on procedural techniques
(Hudson & Kaufman, 1979). The procedural plannimeptists subscribe to the planning process. Thel se
to answer the question of how to plan in a fashiat does not deviate from the stated rules andepiures
guiding the planning exercises. However, procedplahning theory has been criticised for its faluo
appreciate politico-social contexts (Hibbard & ka2019; Muller, 1987). Critiques have labelledsth
strand as the one without context and substance.

Context, content, and substance are crucial whalindewith global health pandemics. Substantivepiag
theories subscribe to content and contexts whamirlg (Alexander, 2009; Hibbard & Frank, 2019; Huals
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& Kaufman, 1979). They seek to answer the questfowhat to plan. When informed by the substantive
planning theories, planners perform their duties #ay the situation at hand dictates. One planning
approach falling under substantive planning theotiat befits an impromptu status such as the Cb&id
outbreak is reactive planning. Due to the high l@feincertainty, planning during the peak of Coet@l has
been an uphill task for city planners. Only thecte@ planning paradigm applies to the context afiais
where there is no ample time, resources, and irgtiom to enable a smooth planning process. Thisoagh

has no pre-planning ahead of future events (Simma087). In reactive planning, city planners are
presented only with the initial contexts and thechineeded goals (Hibbard & Frank, 2019). This fafm
planning is equivalent to radicalism. Likewise, implementing the lockdown measures, governments
employed reactive and radical stances to quelspinead of the pandemic.

The reality of an emergency prescribes that instfagroducing a plan, city planners make a set of
condition-action rules (Simmons, 2007). In prineiph reactive planning system can handle the emeyge
as well as the uncertain effects, but only if ipassible to provide a reaction rule for every fmessituation
that may be encountered. Reactive planning strieegestore the previous conditions following an
emergence scenario. The approach is about atteimptsvind the clock to the past (Ackoff, 1981). As
evidenced by the return to the initial state ohm# in most African cities, former times are predd over
the present-day situation or the anticipated fuiidvekoff, 1981; Worth, 2010). Now, the revival dfet
previous conditions that are characterising therinhl sector in Zimbabwe's cities requires the ofe
substantive planning theories in unpacking the ggs©f this revival and for purposes of confirmivigy the
health outbreaks should be treated as temporarmtsedespite the severity and magnitude of theiratgm

In long-range planning, lessons will be drawn frifra cycles of reactionary and radical planningvégti
Over and above, the procedural planning theorieasldmot be rejected. Instead, substantive andegiural
planning theories are required when planning fer short term and long term in response to pandemics
(Yiftachel, 1989). With the nature of the responsethe pandemic, which are usually impromptu imdem
with the fast spread of the pandemic, it is impassiif not unnecessary, to refer to the plannihgpprints.
The reactionary planning approach has become mleva

4 MATERIALS AND METHODS

A case study design was chosen to enable an im-damlysis of the research issue in the Bulawayo
metropolis case. Many scientific and academic stutliave been written based on a case study or asing
case study design (Angelstedt, n.d.; Crowe eR@lll; Hansson, 1981). The execution of this stadyely
falls under the qualitative research paradigm baseds ability to get into the depth of the inquiThe
guantitative approach was applied to collect datt tould easily be converted into numerical foon t
perform statistical computations and make inferenddne in-depth and informal interviews blendedhwit
field observations are the core research methaels lng the researchers. The research used longituthite
about Covid-19 covering 2020 to the present. Ladjital survey data helps complement data from eross
sectional surveys (Gumbo, 2013).

Regarding the informal trading (vending), a crosstion of Bulawayo city was done where some vending
sites were drawn from the city centre. In contrasitne were drawn from the high-density and the low-
density suburbs where the interviews with the vesdeere conducted. The purpose was to obtain &-cros
sectional outlook of the general practice of infatractivities during the off-peak times of the Qb9
pandemic. The consideration of the multiple vendiitgs brought comparative power research arouad th
subject matter under review. A good design shooklige research findings' reliability, objectivitsglidity,

and generalisability (Annum, 2019; Butina, 20150We et al., 2011; Dash, 2017; Golafshani, 2015).

The inquiry performed a rigorous, in-depth, and tivfaketed understanding of a complex (Crowe et al.
2011) subject of health pandemics and informalityfusther probing into the obtaining responses. Kag
informants were mainly drawn from the city's depamt of town planning, environment and health
department, and council chambers. Other key staddtetsinvolved are the representatives of the Zlmlea
Republic Police, Vendors Association, Ministry ah&8l to Medium Enterprises, and civic organisations
For those with very tight work schedules, the gedgirms platform was used. To ascertain the infbrma
sector (street trading) spatial reorganisationegpast and changes due to health pandemics, therckeea
used a field observation checklist complementedhleycross-checking of facts from the immediate feeop
chosen, based on their convenience and experiénpbotographic survey supplemented the observation
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method. Survey 123, a mobile phone-based applitatias used to gather spatial data for this inq@BSS
and Excel packages were used to analyse quardifgtiimerical) data that involved descriptive stiatis

4.1 The spatial scope of the study: Bulawayo City

Bulawayo is Zimbabwe's second-largest city. Thigy d6 the regional capital of the marginalised
Matabeleland region in Zimbabwe (Dube, 2017; Musem@006). The town has experienced politically
motivated or 'man-made’ massive deindustrialisadioth economic decay since the early 1980s (Musemwa,
2006), which has led to many urban residents jgitire informal sector for a livelihood. Water slage is
Bulawayo's central disabling situation for mostremoic and social activities (Musemwa, 2006). Ly
other city in Zimbabwe, and due to their high untyment rate, Bulawayo urban residents ignored the
Covid-19 lockdown as hunger took hold . Bulawayoegarded as a classic example of the best-runrcity
Zimbabwe' (The Local Government Investment Confeee2018) , a trait that 'it (city) has maintairfed
many decades, stretching right back into the calotimes' (The Herald, 2018), yet it is grapplinghw
informality, especially on street trading and tgaorsation, and that it is the regional centre af thost
depressed regions in Zimbabwe (Dube, 2017; Muser20@5).

5 RESEARCH FINDINGS

5.1 An Overview of Covid-19 Cases and responses in Bwayo Metropolis

In Zimbabwe, like any other place in the world, thebreak of coronavirus disease and the speetiiahwt
spread called for swift interventions to curtai¢ tepread. The agent's main spreaders are humagshen
the interventions were/are directly targeting humactivities. Periodically announced World Health
Organisation (WHO) guidelines were used as yarkisfior these interventions. On the basis thatoumoiv,
there is no cure for the Covid-19 disease, almibgha interventionistic measures that the govenmmirrad
Zimbabwe adopted in general and Bulawayo city irtipalar aimed at addressing the spread of thesviru
Before the discovery of the coronavirus vaccine,O\ViHainly recommended that the public should maintai
social distance, avoid crowded places, sanitiseespaegularly wash hands and wear masks whenbircpu
places. Accordingly, Bulawayo adopted these meadoreurtail the spread of Covid-19.

Since the outbreak was of a novel virus, there avased for intensive information dissemination.dLigh
loudspeakers, the city of Bulawayo's health offecimoved around, educating the public about theadis
and the measures the city had adopted. Followiegethmeasures was the declaration of the national
lockdown by the government of Zimbabwe. During fingt round of lockdown, projected to last for 24yd
starting on Monday, March 30, 2020, the governniirgicted the closures of all informal markets store

the formal markets, which opened daily only forrftwours. On Monday, March 23, the country closed it
borders. Security forces were deployed to enfoneeléckdown. Despite implementing the lockdown and
other related measures, the first case of CovidtBulawayo was recorded on 4 April 2020. By the dfs
July, 2020, 65 coronavirus-positive cases had leeorded in Bulawayo, making the city the second in
terms of Covid-19 prevalence in the country [serifé 1].
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Fig 1: Case of COVID-19 in Zimbabwe. Adapted from lfi@istry of Health, Zimbabwe, July 1, 2020

The implementation of the measures mentioned aberieusly altered the face of the city of Bulawajbe
informal traders were in a fix. Their livelihood chébeen taken away from them. Their old way of doing
things had varnished. The varnishing of the anaielman practices represents the new order.
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5.2 The forgotten Covid-19 priorities in the informal sector in Bulawayo

The scare that came with the outbreak of Covidf®eared to have instilled an era of permanent tstraic
changes in which governments run their cities weidé. The government of Zimbabwe generally adopted
four sets of measures in response to the Covidah8igmic. The steps are strategies to contain tleadof

the virus; efforts to improve and enhance healtflifizs and services to the general populace; omeasto
support and stimulate the informal economy in ai@d® impact context; and direct assistance remntiere
vulnerable population groups. The degree of theegowent of Zimbabwe's commitment to implement the
noted measures in fighting the Covid-19 pandemi lheen in tandem with the severity of the pandemic
itself. As the pandemic drifted from the peak te thff-peak seasons, the commitment to enforce the
implementation of these measures responded acgtydiAs we found out during the execution of this
study, both the government and citizens happenaduglly take a relaxed stance towards the pandasiic
the off-peak season looms. Generally speaking,lpdepd to gradually forget the radical reactiveamees
they adopted during the peak of an outbreak ofsastier due to the tendency to get used to the eakbr
itself and as knowledge about the outbreak flobdspublic domain. The relaxed stance is hereirrnedeto

as the forgotten priorities. In the problem-infelsezonomies dominated by highly volatile informelivaty

as a survival, such as in the Bulawayo metropatiese employed in the informal sector are left with
minimal choices and are found breaking the restdatules to pursue their goals and livelihood dtesihe
government bans and restrictions. Similarly, theegoment is bound to follow suit the forgotten pities
that the informal sector players involuntarily chaom. Below is the assessment of the forgotten @
priorities in the informal sector that fall intoulocategories.

5.2.1 Coronavirus spread containment measures

The measures falling within the category of coritajrthe coronavirus spread are the most commoraeand
culpable of delivering a new order in most citi€sich measures included the lockdowns, which ineblve
travel bans accompanied by border closures, nighfews, stay-at-home orders, social distancing,
prohibition of public gatherings, and closures arkets, shops, and restaurants. These spread rooetsi
measures were generally adhered to by virtuallyZatibabwean cities, albeit to varying degrees. At a
national level, Zimbabwe has since eased thesgctasis to reopen the national economy. The liftf
these restrictions came at a time when the infoseelor players were feeling the pinch as they wéher
literally not doing any business or illegally sedjitheir stuff, risking arrests and seizures oirtgeods. Mr.
Moyo [pseudo name for an interviewed street vendiaforately explained how they eagerly waitedtlier
ending of these Covid-19-induced restrictions:

[...], the thing is, as vendors, we operate our lessmat a critical point. | mean that if one is abs®m the
markets to sell their stuff for about three dapss person will struggle to recover the lost ddyet me tell
you, in our business, you must work every day, HentThere mustn't be any time lost. So imagine how
much time we lost during the lockdown era. For ¢ho$ us who sell foodstuffs, we ended up eating our
stocks.

Transitioning from the old to the new order in Butgo

Bulawayo's first approach in responding to the @aM® disease eruption was implementing the
government's announced lockdown regulations. Thidmvn saw all informal sector economic activities
being closed down except for government-determassintial services in the sectors of food and rakdic
supplies. Even though, the food supplies in thermfl sector were all closed down. If statistios tr go
by, the informal sector accounts for 85% of thaamatl workforce, the new order that Covid-19 braugh
rendered this 85% impoverished. The implementatbrihe lockdown is generally indiscriminate. The
secretary of the Bulawayo Residents Associatioretaed that while the lockdown was a justified mate,
authorities ought to consider some scenarios, asdhe disabled who survived by either sellingrtbgiff

or operating a private transport business. The oreler was even made worse by the government'stigdeec
that cities were to destroy all informal activitiesthe areas of their jurisdiction. This furthenglified the
unwanted by the necessary new order. Some stedrr lamented this new order of the Covid-19 peak
times as inhumane, cruel, and somehow unjustified:

[...] my brother, | don't want to recall those dalgysvas hell on earth. Even though | think Afrieas not hit
hard by Covid-19. | believe the disease is for gelgions like Europe. But ahhhh [laughing], you nfiay
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out we never had Covid-19 in Zimbabwe, my brother] you know our government [...] it hates us. They
don't was to see people surviving without direcsistance from them. | suspect the lockdown
implementation was meant to wipe out city vendingibesses. To clean the cities. It's sad. Let\geléa
here, bro.

As highlighted in the literature review sectione ttomplete lockdown has been widely believed toreeh
permanent new order in cities potentially. Africeities denote a different storyline altogether laes old
order in the informal sector has fully reclaimesliititial space. The picture below shows the relisteet
trading in Bulawayo's CBD. The informal traderswithemselves as victims of a failed state and exgno
Despite being the mainstay of the urban economntiesy claim that authorities give informality in
Zimbabwean cities second-class handling. Yet, making a considerable contribution to the livetile of
city dwellers. The informal sector participants aoafident they won't fail to provide for their fdims. One
vendor bragged and said:

[...] it is not a secret that we make better moneyntteachers and police officers, [...] | can affardotry
one teacher come month end. [...] but look, we neggart from the authorities. We are not spreadérs o
Covid-19. We, too, as vendors, are afraid. Theptid say were' not scared. No. It's not true, leroth

This shows that the informal economy has been iyegbwing in Bulawayo to the extent that it iswo
deeply entrenched. To dismantle it is to declare. Whe introduction of the Covid-19-induced lockdow
brought life to a standstill. That is the new ordewas a matter of life and death. The governnieat to be
harsh to save life. But surely cities ought notdmne out the same again. But the central questiowhat
new systems have African cities introduced in prafien for future pandemics? It is dishearteningetrn
that some people are convinced that the lockdowirative was just there to fix the 'unwanted' besis
operations. However, the business as usual has tawcle in full swing without any sign just in 2020-
2021that there was gnashing of teeth as Covid-Ewvacking havoc. Although Bulawayo is regardedras
excellent example of being well-managed, the cigwot spared from the comprehensive closures.oDne
the critical informants lamented the blanket appho® Covid-19 by pointing to the fact that:

[...] we were forced to close, restructure and op#rerospaces to accommodate our traders. Stilloas y
know, the number has massively grown, we faileddoommodate the majority of them, and it's thus my
proposal that we look to other possibilities.

Despite the stern enforcement measures by the moest to suppress the spread of coronavirus iasgiti
the traders would take chances by sneaking int&€Bie and selling their goods. As denoted in Figireut
of 205 vendors who participated in this study, wheked how they illegally made their way into tH@3Cto
their vending sites during the hype of the lockdp®n respondents indicated that they walked inéocity
centre to do business. One respondent said théedrihe police to find their way into town. Five
respondents obtained fake exemption letters tdlbeed into the city centre. One vendor used a deyo
get into town. Statistics from the interviewed s#&@rghow that 95 respondents, who constitute thenitgj
of the total sample, ceased their business opagatiaring the peak of lockdown. For survival duringgh
times, 23 respondents indicated that they opetaidbusiness from home.
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Figure 2: Strategies to survive during the peakafid-19. Source: Fieldwork, 2022

REAL CORP 2022 Proceedings/Tagungsband ISBN 978-3-9504945-1-8. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, E
14-16 November 2022 — https://www.corp.at  P. ELISEI, C.BEYER, J. RYSER



African Cities in the Post-COVID-19 World: Interrogeg the “Forgotten Priorities” of the Pandemic hetinformal Sector in
Bulawayo Metropolis

Observation during the survey for this study shdwed the old order is fully back into play. Somending
sites have drastically dropped hygiene standagdticplarly in the CBD. Some vendors and clientbegi do

not wear masks at all, or they position the masideu their chins [see picture 2]. There is no nsweial
distancing at the vending sites. The researchesereed that in adequately planned sites such as
Highlanders, and all the sites in the medium to-tmsity shopping centres, social distancing isenate as

the vendors only occupy their designated spotssuch scenarios, it is only the clients who get into
proximity, especially during the peak hours of tlag.

Picture 1: Completely revived street trading in Budgtar CBD. Source: Fieldwork, 2022

While the government has lifted all the measuresawirol the spread of the coronavirus, wearingksias
remains mandatory in Zimbabwe. In occasional iranpolice random arrest those found not puttingro
improperly putting on their masks. One vendor #elitthat the government of Zimbabwe had little citga
to gather verifiable scientific facts about coronas. Thus the government solely relied on WHO #rel
neighbouring countries such as Botswana and SolitaA

[... | don't think the government understood whatvéis doing...; if you recall how they operated, any
measure that was part of the lockdowns that SodititaAwould announce, these elders would copy and
announce. Of the masks, South Africa has liftedoidne, and our authorities are shy to follow sustamtly,

but | tell you, very soon, they will follow PresitieRamaphosa. | doubt if our government had enalggh
about the virus. They are just against vendorsbrather.

5.2.2 Health facilities and services improvement

The measures that sought to improve and expandhh&dilities and services in Bulawayo were not
explicitly done to solely cater for vendors. Hedi#ltilities and services improvement saw Ekusil@nd
Thorngrove hospitals designated as the centredihgrile Covid-19 disease. The government committed
importing medical equipment and supplies besidemdiihealthcare staff. The designation of these two
centres would ease pressure on United Bulawayo itd¢sfUBH) which was getting overwhelmed during
the pandemic's peak. Interestingly, the openinglafsileni hospital brought about a new order wisalw
the hospital resuming operations more than 15 yafées it was closed down. In this category of rses

to coronavirus, vendors, like any other Bulawaysident, were/are bound to benefit. Unfortunatesythre
current pandemic stroke, the fragility of Zimbalsvbealth system worsened the situation on the groun
The healthcare system was marred by infrastructyséunctionality, unavailability of healthcare eppunent
that includes PPEs, and therapeutic drug shortages. striking healthcare workers in the hospitals
demanding better pay and improved work conditionseng the early phase of the Covid-19 pandemic
worsened the impact of the pandemic.

5.2.3 The measures focusing on economic developmenttandlation

This category focuses on the measures that aretrieestimulate the economy. The section will lookhaw

the government of Zimbabwe manipulated the fisoal monetary space through its institutions to dampe
the economic effect of the health pandemic. Aftéd@/declared Covid-19 as a global pandemic on tiile 11
of March 2020 (Yazdizadeh et al., 2022), the gonemt of Zimbabwe declared a state of disaster on 20
March 2020. The introduced measures to curb theaspof the pandemic culminated in severe economic
disruptions resulting from business closures emagditom lockdowns and the enforcement of curfens.

the financial challenges worsened by the currendemic, effective from 1 April 2020, the government
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introduced the tax-free risk allowances payabli&dntline public sector health personnel fightingwii-19.

An economic recovery and stimulus package to the tf 18 million Zimbabwean dollars was unveiled to
revitalise the economy through relief provisionibaividuals, families, small businesses, and indest
impacted by the economic slowdown caused by thed=t®¥ pandemic. The government's strategy was to
provide liquidity support to all the productive s&rs of the economy. Besides offering liquidity pag,
effective 17 May 2020, registered informal tradezempanies and the private sector were to resume
operations upon fulfilling certain conditions swuhthe compulsory wearing of masks and employ¢iades

22 July 2020 saw further relaxation of Covid-19kidown regulations to steer the economic activityhie
country. Business was allowed to operate from &agipm. 08.00 and 15.00.

5.2.4 Direct assistance to the deserving population satgne

More so, starting on 1 April 2020, the governmertitaduced a ZW$200 cushioning allowance to vulrierab
families per month for three months (KPMG, 2020nfattunately, the introduced vulnerable citizens'
allowance, which is equivalent to US$12, fell shoftthe US$1 a day international poverty datum line
(Chitungo et al., 2022), even though, not all infat traders fall within the vulnerable person catggThe
need to assess the effectiveness of these ecomogaisures necessitates the evaluation of the mdtgydo
of accessing the beneficiaries. Asked if they eeeeived any stimulus package from the governniefti,
respondents indicated that they never receivechanglouts from the government. Ten respondentsadtetic
that either they or family members have receivedlaerable citizens allowance. On direct assistdaodbe
deserving population segment, the government ofbZlmve could not go it alone. According to the 2021
United Nations World Food Programme (WFP), Zimbabmas given EUR 3 million by the European
Union (WFP, 2021). The fund was to support the lyighulnerable urban poor who were failing to meet
basic food needs due to the Covid-19 pandemic.piats were to be given USD 12 per person per month
(ibid). There is a need for research to assessxteat to which the poor informal sector players gavered

by this programme of handouts.

6 DISCUSSION

The Covid-19 pandemic interventions implementedbth the central and local government in Bulawayo
indicate that the closure of the informal markedsuits in a temporary ghost city and complete lufss
livelihood to the vendors. The temporary closurethe informal players' operating sites means thgsci
Gross Domestic Product (GDP) disruption. Kamet@18} notes that the informal sector constitutes 45%
sub-Saharan Africa's GDP. In Zimbabwe, the inforsedtor arguably contributes more than 60% of the
national GDP (Chigwenya et al., 2021). More so,faut that the informal sector contributes morentBa%

to employment in sub-Saharan Africa (Nguimkeu & Qk2021) and is the biggest employer in Zimbabwe
(Kumbawa, 2002), severe disruptions such as tempatasure or spatial restructuring of vending i

will result in the interruption of the GDP at ayclevel. This study's evidence shows an obvious twavard

the formal sector in implementing interventionigtieasures to curb the spread of coronavirus. $hased

on the common question which emerged after Covidvh8 declared a global pandemic whether urban
density and the spread of the pandemic were liffiéahba, 2020). This was claimed to be so because th
pandemic is a contagion. Close social contactsisuwelly experienced in the informal sector. Howewer
the contrary, recent studies have shown that densis not the issue, with the case in hand beinga®h
handling of the spread of the coronavirus, wheatissics show that the bigger cities which are dfns
populated did better than the smaller cities whidhrelatively sparsely populated (ibid).

While it is noble to target this sector, it shoblel noted that the concerted efforts to controlsjwead of
coronavirus perpetuate negativity about and maligat&éon of the informal sector. The implied negyi
associated with the informal sector as the supeeasier of the contagions becomes the basis for
governments to bully the sector despite the fubvdedge that the sector is indispensable in mostath
economies. Noteworthy is the role and importancéhefinformal sector in Bulawayo city's economyilas
sector occupies an approximation of over 70% oflipigpaces in the CBD. This shows the importance of
this sector where the participants consider theuolvement in their business activities as a daitic
livelihood hence the quick revival of the 'old ordepon the relaxation of the measures meant o tte
spread of the pandemic.
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There is compelling evidence that the city of Budgar authorities acknowledges the informal sectols
and enormous contribution to employment creatiot @@ city's economic fabric. The setting up of the
committee that the department of town planningrsteed a multi-stakeholder representation withis th
committee show how the city considers the sectosuch a situation, it is difficult, if not impobte, to
introduce structural changes in the informal seofmrations. Thus, restoring the sector to théairstatus
implies that the informal sector is a self-reguigtsystem that is difficult to change even in therg of a
considerable disturbance such as Covid-19. The segbehanges are treated with contempt, and the rule
introduced will be broken. In some way, Bulawaya'talan its local economy without urban informgalit
taking centre stage because informality has gr@reta permanent feature of an African city. Thisl@ns
the quickened forgetting of the Covid-19 protoceighin the informal sector. The complete integratiof
the informal sector in all city development plarx@mes critical (Chigwenya et al., 2021). City avities

in African cities should not be surprised by how thformal sector activities got restored to thaitial
situations. This is because the acknowledgmentraodgnition of urban informality in the planningdan
management of the cities, especially in the Gl&@malth, are tantamount to accepting the realitieggiling

in these cities.

Because of the complexities associated with therm&l sector activities, situational planning space
becomes crucial. Situational planning space falihiav the substantive planning theories that adteca
reactive planning based on the prevailing situatReactive planning is an active attempt to turokbihe
clock to the past (Ackoff, 1981). The effort tortuvack the clock to the past is in tandem withgireetice of
the informal sector activities taking place in Buégyo city. Thus, the revival of the usual waysite Within

the informal sector confirms that the outbreak afigemics should be treated with temporary and gbrak
responses since pandemics will come and go. Theextoof pandemics is a situation of urgency. In a
position of urgency, applying procedural plannihgdries is impossible. The problem of poverty whgh
feature of most African cities, further complicatée planning space during the outbreak of pandemic
More so, poverty and high levels of unemploymermtia@x the swift restoration of the 'old order' iefidnce

of the assertion that 'cities will never be the sagain with Covid-19. As cited in (Chigwenya et 2021),
Roy (2005) advocates for developing a new urbanntey theory that recognises urban poverty as tarfea
that perpetuates urban informality. Even thouglocedural planning theories should not be abandoned
entirely but should be adapted to the situatiomal substantive planning spaces. With the naturthef
responses to the Covid-19 pandemic, which werenpsomptu as the virus spread itself, it is impdgsib
not necessary to refer to the planning blueprimid e guided by the procedural statutes which alte f
bureaucracy and red tape.

The quick forgetting of the Covid-19-induced redigias and protocols herein referred to as 'forgotte
priorities' implies the need to fully include th&@drmal sector players in planning for city devetamt and
crafting policy instruments. Full recognition angtlusion of the informal sector players in detelingnthe
development path of cities give birth to sustairatities besides providing a livelihood to the mifal
sector players (UN-Habitat, 2005). This thereforeams that 21st-century city planning should embrace
diversity by moving away from the traditional wagyfsplanning our cities and their systems. Thusidlie a
need for a paradigm shift in urban planning to adeglusive planning approaches that seek to irelind
diverse range of urban societies (ibid). The redfiait the informal sector obtained in the cityBoflawayo is

a huge statement that urban informality is a peenaifeature of African cities that should be haddieth
care to avoid the blitz that usually comes withititerventionistic strategies to control the infaimactivities

in cities. The fact that over 70% of the interviemiaformal sector players are registered with tige af
Bulawayo means that the sector is willing to béyfiricorporated into the city systems.

7 CONCLUSIONS AND RECOMMENDATIONS

The impact of the Covid-19 pandemic was felt défdty in different places. The informal sector @es/
were quick to feel the pinch of lockdown, henceirtlsavift speed to revive the old lifestyles despite
pandemic's menace. In many African cities whereeggvhas driven a significant number of urban resig
into informal businesses, it can be concluded thiban informality has become a culture that makes i
challenging to unwind even in the context of a slisaof Covid-19 pandemic magnitude. While the rinfal
sector players recognise the dangers and menacevid-19, their livelihood is much more importahtih
hiding for life from coronavirus on an empty stormachere is compelling evidence that the inforneatsr
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felt they were frog marched into lockdowns and terapy business closures. This is confirmed by peed

at which the traders returned to the city to restimeér business operations or the illegal sneakitg the
CBD by many street traders during the very peakCo¥id-19. Even so, the Covid-19 pandemic is
transforming urban space planning in African cifies significant way, with the city planning autties
still seeking to adapt their planning systems fatufe pandemics. With the attitude of resistancehef
informal sector players, many African countries kikely to be hit harder should similar pandemicspe.
Even if awareness campaigns about the current pdondare intensified, poverty-driven resistance and
hesitancy to abide by the prescribed protocol sgithain a permanent feature of many African citi&sical
guestions such as how African cities should ben@dnfor better resilience against future shocksarem
unanswered in such a scenario. Therefore, it isi@rto look at the fundamentals that lead to fhe&ason of
resistance despite looming dangers such as thheofovid-19 pandemic. Uprooting urban povertyhis t
most fundamental step that can drive a paradigifb ishthe urban planning systems and their recepiio
the context of a disaster. Authorities should focgatingent livelihood options for the urban polor.an
African set-up, where over 90% of urban citizens ldound to fall within the bracket of the urban pab
may be difficult to amply fend for them during disers due to fragile economic fabrics.

Thus, the weaker economic fabrics characterisitigSaharan Africa result in the inability of citissadopt
responsive stimulus packages should a pandenike s#isituation which has created fertile groundufban
informality to flourish in African cities. Becausd differing economic conditions between the GloNakth
and South, where solid formal economics charaeerithe former rather than the latter which is
characterised by weaker economies that cannotisubtacontingent plans in case of global pandeniics
a fallacy to say 'African cities will never be thkame again' as a result of Covid-19. Comparativeiest
assessing the relationship between the 'old oadérthe 'new order' in the Global North and Sowtftexts
are critical. The critical assessment of the dewadrthe speeds of the restoration of the old oodeoutine in
the developed and the developing world is vital.ekperienced in African city contexts, urban infatity
shows excellent signs of resistance to shocksnitigrio include the informal sector in African cgystems
is indispensable.
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1 ABSTRACT

Increasing urbanization is transforming cities arebions into metropolitan areas facing current
environmental, energy, economic, and social chgden Some of these metropolitan regions include
important infrastructure, transport, and spatiatidors. A new and complex type of spatial orgatiais
emerging there, primarily based on logistical, ecoit, and political decisions. This phenomenon igain
affects cities and regions with seaports and dispas “brainports” (transport and mobility centesgpply
structures, such as logistical centers for thespart and distribution of goods, trade centersustny,
commerce, etc.). The functionalisation of spacesuoh territories leads to a recognisable spattem
with certain characteristics that clearly diffeorfr other spatial structures and causes a hieratimsof
spatial organisation.

These ever-growing structures, which are gearearviunction and profitability, consume a lot ofasp

and land, which is considered one of the most itambrresources when it comes to reducing the carbon
footprint and enabling sustainable spatial develemin Therefore, there is a special, forward-looking
motivation to transform this spatial complexity lwithany potentials and resources into a sustainable,
integrated spatial development for the city, thgioe and the neighboring communities. This is beeau
these structures are an ideal opportunity to coentiematic principles such as building and spatial
planning, climate and energy supply, quality of lilmobility, noise reduction, economic balance siphtial
quality, etc. HubCities as a method and strategywshow such structures can become a transparent,
networked and resilient place that also focusethemuman scale.

HubCities is a relatively young topic in spatiabamrban development, which only developed at the an
the twentieth century (e.g., through the low-cadine boom since the liberalization of air trangpia 1997
and globalized containerization) as a result of glem processes. There is a lack of temporal distam
the associated historical analysis to comprehelysaslain, present and strategically use theseguges.

The aim of this paper is to use the term Hub Cit@dllustrate the significance, impact, approactd a
potential of airport and seaport locations andrtiseirroundings for spatial development. The quastio
raised are illustrated using the example of theaairarea and logistics center of Graz (Austriaiciviis part

of the NUTS 3 metropolitan region), the seaporKoper with visionary ideas of a networked passenger
airport (Slovenia), and the port city and regiopassenger airport city of Trieste (Italy, whicmi part of

the NUTS 3 metropolitan region, presumably bec#iusdroader area is located in two different cdasjr

HubCities is thus a long-term strategy for airpand seaport locations and their surrounding areas t
identifies the problems and potentials of todaytsan development and provides a historical accofittie
phenomenon (e.g., a shift of important urban fumdito the surrounding area). HubCities is a texable
mindset that prevents further urban sprawl, pretéamdscapes, green and open spaces, and promotes a
appropriate mix of uses in sensible locationsslaiprogram that develops and combines smart system
solutions, and methods that can be transferreth&r airport and seaport regions.

Hub cities lead to the loss of familiar forms, latithe same time new spaces, structures and a&ctenge.
They all require spatial embedding in order to aiastbly achieve the desired qualities of a locathat is

close to its citizens and typical of the regionbEities can become the cities of the tolerant $p@éthe

future and an impetus for resilient spatial deveiept, in which spatial quality is an added valud an
resource and, above all, a prerequisite for theagable development of the airport (city) and sehfcity)

location, the community, the city and the region.

Keywords: Metropolitan Territory, HubCities, SeapOity, Airport City, Urban Development
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2 CHALLENGE, GOAL AND POTENTIAL OF HUBCITIES

2.1 Introduction: What are the challenges?

Increasing urbanization is transforming cities arebions into metropolitan areas facing current
environmental, energy, economic, and social chgden Some of these metropolitan regions include
important infrastructure, transport, and spatiatidors. A new and complex type of spatial orgaticrais
emerging there, primarily based on logistical, eroit, and political decisions. This phenomenon tgain
affects cities and regions with seaports and dispas “brainports” (transport and mobility centesgpply
structures, such as logistical centers for thespart and distribution of goods, trade centersustny,
commerce, etc.). The functionalization of spacesuoh territories leads to a recognizable spatiem
with certain characteristics that is clearly difiet from other spatial structures and results in a
hierarchization of spatial organization (Fig. 1).

Fig. 1: From left to right: Spatial organisationtbé HubCities (yellow rectangle) around Graz Aitg@éT), around the seaport of
Koper (SLO), around Trieste Airport and aroundgbkaport of Trieste (IT). Source: GoogleMaps.

Several challenges arise in these areas (Fig. 2).

CURRENT SPATIAL ORGANIZATION IN THE
AREA OF AIR- & SEAPORT | HUB CITIES

OUTCOME OF PROBLEM LEVELS OF HUB CITIES

PROBLEM LEVELS OF HUB CITIES - spatial barrier & land, air, water consumption and pollution
global actors meet local ground & local citizens l soil and roof sealing & heat island
economic & business oriented energy consumption & CO2 production

spatial planning processes & instruments people as product & tool

) temporary building & environment harmful materials
-‘ non-urban quality & non-urban resilience & non- urban ecology

Fig. 2: Problem level and result of the problenelan the field of air and sea ports. Source: Sisf@er, L. AZman Momirski.

First and foremost is the conflict of interestsbifities are both a local and a supra-local pla¢esrevglobal
actors with global interests use local spaces whiten overriding and ignoring local interests. k&b
companies have great financial and political pottat they use in the spatial expansion of theialloc
territory. Communicating their spatial intentionsdadecisions to other actors in the surroundingsatoes
not occur.

Consequently, a second challenge arises: in HdxGitnflicting spatial development coexists. Namilg
functionalization of spaces leads to recognizalpalanced spatial patterns (e.g., large volumesfland
plans of buildings that do not correspond to theém scale, or spatial structures that are cleafigrent
from other spatial structures and cause an abiieparchization of the spatial pattern). Becauseadtters
are oriented toward the (objective) figures of emnit growth, these structures often consume all
ecological, social, and spatial resources withogiating new ones, although they have the potetatidb so
because of their size and importance. Conflictingcfions, physical barriers, spatial interventiossil
consumption, and land uses are not negotiated batagtors, leaving spatial development incompatibieé
in serious disagreement. It also becomes clearttidlaty's planning instruments cannot adequatelyucap
and thus control structural change and its depareden the interactions between air and seaportidmsa
and the city. This poses the risk of further unddde developments in terms of capacities or ressyr
energy supply, noise pollution, land designatiotaad availability.
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The third challenge is the spatial planning procedsich makes such spatial development possible. Th
instrumentarium of spatial development decisiondaigely in the hands of the mayors of the local
municipalities. They are usually not experts intigppalevelopment, nor are they familiar with conparary
approaches to co-design, negotiation, citizen g@petion, and citizen science. A top-down approacstill
largely used in spatial planning at the local levdlis leads to conflicts with citizens (e.g., was types of
pollution, ownership of the land, and sale of thad).

2.2 HubCities: a term for airport and seaport territory ?

HubCities is a relatively young topic in spatiabdamrban development, which only developed at the adn
the twentieth century (e.g., through the low-cadine boom since the liberalization of air trangpa 1997
and globalized containerization) as a result of glem processes. There is a lack of temporal distamd
the associated historical analysis to comprehelys@xplain, present, and strategically use thesegsses.

On the other hand, the European air transport sectane of the strongest parts of the Europeam@oy
and a world leader. Each year, 900 million passentravel to, from and within the European Union,
representing one-third of the global market. In 20Airports Council International estimated theatot
economic impact of airports and aviation-relatetivies in the EU at €338 billion. Aviation cantaas an
"economic multiplier," promoting and generatingth@r economic activity. Geography is not the omlgtor
that determines the location of successful intésnat airports. The availability of suitable inftascture,
labor and tax systems, and historical, cultural taade links also play a role (Transport EU, 2022).

The presence of seaports in regions is closeletirto the economic development not only of the catja
cities but also of their territories. Interpretisgtistical data in the way that the EU reliestsrseaports for
trade with the rest of the world (74% of goods imip@nd exports, 37% of intra-EU trade, and 400ionil
passengers per year) means that there is adeguééelamd support for seaports and cities in teohs
services, infrastructure, labor, etc. (Blue Beli22: Ports, 2017).The European port system crestézhst
2.5 million jobs (in full-time equivalents) in 201Both directly and indirectly, i.e. in a broaderritorial
context. Port cities are consistently among thenecucally stongest cities (Key figures on Europ@l?).
The European Commission considers ports as "enginesonomic development and sources of prosperity
(Ports 2030, 2022). Port cities rank high in huntapital indicators (population growth, working age
population, entrepreneurship, quality of educateuality of healthcare, etc.) (Fusco Girard, 2013).

Airport cities, seaport cities, and their regiommare many characteristics with other industrial angan
areas. Their gateway functions are arguably simidithough the former do not have the same histbric
embeddedness in their local urban environment aposts (Konvitz, 2012). These ever-expanding
structures, designed for function and economy, worsa lot of space and land, which is consideredafn
the most important resources when it comes to reduzarbon footprints and enabling sustainableiaipat
development. There is a special, forward-lookingivadion to transform this spatial complexity withany
potentials and resources into a sustainable, iatedrspatial development for the city, the regiad the
neighboring communities, because these structueearaideal opportunity to combine thematic pritesp
such as building and spatial organization, climatel energy supply, quality of life, mobility, noise
reduction, economic equilibrium with spatial qualiand so on.

Airports and seaports delimit large industrial dogistics areas within metropolitan regions. Mebtiian
regions are characterized by a dense concentratifumctions that integrate them into social andregnic
networks on a supraregional, European and global.|&tudies define metropolitan regions accordimg
different criteria. The "administrative" approaah defining a metropolitan region is a managemeit an
control tool based on the status of predefinedllegadministrative units (OECD, Espon Functionab&h
Areas (FUA)), which include cities or densely paiatl areas, core areas, and less densely popalates|
from which people commute to work in the core ar@d® "morphological" approach defines metropolitan
areas as contiguous urban settlements that reaeftan level of density or urbanization. The "ftiosal"
approach is based on the functional relationshipsteractions among units in the metropolitan afdse
"network" approach refers to the multidirectionatanultilevel interactions among actors in a mediiban
area (Vazquez, Morollon, 2012).

HubCities is a specific urban processes of thegmteim the metropolitan territoriy of airports aselaports.
We would like to introduce the morphological apmtoan the context of HubCities.
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2.3 Goals and potentials of Hub Cities

The primary goal of this paper is to systematicadigntify and define the HubCity pattern in the sac
airports and seaports.

The aim of the paper is also to demonstrate, utitkerconcept of HubCities, the significance, impact,
approach and potential of airport and seaport ilocatand their surroundings for spatial developm&he
dynamically growing air and seaport territory is i@eal and innovative testing ground for intelligen
networked and integrated solutions, where sustdityabequirements can be examined under the given
multifactorial conditions. Thus, the goal is nothono integrate the airport and seaport area wigh i
surroundings through ecological, economic, andrteldyical interactions and networking, but alscteate

a new kind of spatial quality that ensures spatistainability (Pansinger, 2017) and thus contpotentials

for further urban and regional development. Thizxcpss requires change and this change demandst®nce
that generate and bundle new systems, solutiongnatttbds.

It is in this HubCities environment that the comyplehallenges of our time and new approaches and
strategies can be brought together to develop gmnsive model and gain an edge in knowledge for
resilient spatial organization around the airpa@msl seaports of tomorrow. The operation of airpartd
seaports will not be sustainable for the foreseehlilire, as cleaner fuels are still in the develept phase.
We can't solve this challenge with urban planniogt by developing a sustainable spatial organimatio
around it, we can help improve our footprint. Hul€3 is a research and implementation project Her t
future of seaport and airport territories with aternational appeal. The basic question is: Whatealearn
from HubCities for the future?

The questions raised are illustrated using the elarof the airport area and logistics center of ZGra
(Austria, which is part of the NUTS 3 metropoliteagion), the seaport of Koper with visionary idedsa
networked passenger airport (Slovenia), and thegityrand regional passenger airport city of Tieedtaly,
which is not part of the NUTS 3 metropolitan regipresumably because the broader area is locat®ebin
different countries). The impacts between the airpad seaport locations, the city and the landscap
noticeable and visible.

By applying the smart cities criteria and indicat@e.g. smart economy, smart energy, smart mobgityart
environment, smart people, smart housing, smaremg@ance, etc.) to these case studies, the comparati
conclusions not only take into account environmiemeonomic and technological synergies and netsyork
but also open up perspectives for innovative anilieat spatial quality.

The HubCities approach thus has an important taskanslate condensed and controversial demamalsiin
balanced and sustainable spatial organization eosé&aport and airport territory. Historically: ibrp cities
were thriving commercial centers and harbingera néw, more open society, then today both airptetsc
and seaport cities can be the cities of the toteaciety of the future (Fig. 3).

HUBCITIES FUTURE
SUSTAINABLE ENVIRONMENT

OUTCOME OF APPLICATION OF HUB CITIES

LEVELS OF HUB CITIES FUTURE i FUTURE INSTRUMENTS
ecologically, economically, socially & spatially . scientific impacts - use the port (region) as a test bed
sustainable economic/technological impacts - achieve optimization of individual
global & lokal system/solution
practice, teaching & science ' societal impacts - generate added value compared to individual

systems/solutions

Fig. 3: HubCities Future — new spatial organisatioarea of airport and seaport. Source: S. PansihgdZman Momirski.

3 METHODOLOGY AND FIELD OF ACTION

3.1 General methodology (Fig. 4)

Step 1: The topic of airports and seaports (braispas HubCities is first presented and analyzeco
inter- and transdisciplinary theoretical level @hdn transferred to the real testbed. The resultprvide
an explanation for the spatial developments of Htike&; simultaneously supporting them and bringing

E REAL CORP 2022: Mobility, Knowledge and Innovation Hubs
(Y in Urban and Regional Development — Vienna, Austria



Sanela Pansinger, Lucija Azman Momirski

together new fields of action in an interdisciptinand sustainable way. What is required is a tesijent

of the spatial planning control options and the langentation of the current challenges in terms of
environmental, economic, social and spatial (dgsmpstainability. This gives the spatial structure
HubCities a new significance for urban and regiatelelopment. Graz, Koper and Trieste were selexted
test territories.

I
I CURRENT CURRENT !
| SPATIAL CHALLENGES: |
| ORGANIZATIONS CLIMATE, |
X AROUND ENERGY, !
AIRPORTS AND SOCIETY 1
: SEAPORTS |
1 TESTBED I
! :
! RESEARCHS FRAME CASE STUDY 1
|« Medium Cities with airport and seaport * Graz (AT) | airport area 1
Il «  Location outside of the city area « Koper (SI) | seaport area |
I| «  Timeline: 1950s, -80s, -90s, 2010, 2020 « Trieste (IT) | air- & seaport area |
[ e i
,,,,,,,,,, o ey ity
ANALYSIS

« Comparison analysis, Potential analysis

« Analysis according to criteria of spatially (design-wise)
sustainability

« Analysis according to criteria of Smart City

QUALIFICATION OF THE INDICATORS
ACCORDING TO TEST CRITERIA

I

I

I

|

I

4 \ ‘
SCIENTIFIC, SOCIETAL AND ECONOMIC IMPACTS |
I

I

I

I

I

I

EXTRACTION OF PATTERNS | INDICATORS[ |

« City (region) used as a testbed;
« Optimisation of the single system/solution;
« Creation of added value compared to a single system/solution.

|
RESSOURCES |

POTENTIAL
of HubCities

LEVELS OF HUB CITIES FUTURE INSTRUMENT HUB CITIES OUTCOME OF HUB CITIES FUTURE INSTRUMENT

FUTURE toolkit
on the three levels method
of skills: practice, prototype
teaching and process
science. platform
lab

citizen science
participation
open science practices

Fig. 4: General methodology and fields of actiooui8e: S. Pansinger, L. AZman Momirski.
Step 2: The selected case studies should answhalliheing questions:

* What different spatial structures can be identied what is their dependence on the location of
airports and seaports?

« Which indicators can be used to systematize andifgubese structures and is there a logic or
scheme of their structure to predict future develepts?

» According to which criteria are the results of #malysis evaluated and why?

Step 3: Is the last step in the methodology, wiscsupported by three tools: Citizen Science, Eigstion,
Open Science Practices. The main point is to bcitigen science into the process of spatial plaginin
(biology dominates the topics of citizen sciencejguts and spatial planning is not yet aware of howse
it). Citizens are involved in the design of Hub€&#i from defining the questions and developing Festo
discussing the results and answering new questiGitzens can also initiate action projects aimeéd a
promoting interventions in local spaces.

RESULTS

3.2 Graz
Where should the area surrounding Graz Airport gz
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Drehscheibe Mobilitét:

Knotenpunkt StraBe/Schiene.
" (Koralmbahn&S-Bahn)/

Luft als 8ffentlicher Raurm

ienstleistungen,
ntlicher:

Fig. 5: Current spatial organisation around air@@ndz and smartAirea — www.smartairea.eu One ofdlelts shows that a
polycentric development or the activation of theiwdual spatial areas of the airport environmeferahe possibility of securing
the spatial quality of the airport environment dimals at the same time the airport location in thmo-rural dimension. The
challenges lie in a responsible process desigrtakast into account not only ecological, economid social aspects, but also design
and spatial aspects. Source: S. Pansinger, GoogkeMa

Step 1: The airport is located in the south of Gedoout 9 km from the city center, mostly in thibage of
Abtissendorf in the municipality of Feldkirchen atal a lesser extent in the cadastral municipality o
Thalerhof in Kalsdorf. The spatial embedding of @z airport site in the reference system of exmigint,
district, municipality, region, country/nation isi@ of the prerequisites for its positive effectspatial and
urban development. The originally independent arafashe airport surroundings are to grow together
through activities (eating and recreation, livimglavorking, traffic and communication) (Fig. 5).i3hefers

to the following points:

« One of the development goals is to create a framewfopublic spaces and green spaces in the Graz
airport area. In the sense of the network princgsld in connection with the infrastructure, thisaar
creates a design continuity and thus new sociaipobs.

» The airport environment should also be seen asnapadisan endeavour that transcends spatial
boundaries, is planned for the city as a whole witth the involvement of the neighbouring
communities, and whose specific development catefiegional concepts) must be jointly
formulated and implemented.

* Involvement of the surrounding communities, whiale aot in a position to manage possible
renewal processes in the airport environment dtileetio size and importance.

« The airport environment requires variable concequtsh as SmartAlRea (Fig. 6) or changes to
existing instruments (land use plan, developmesu,pétc.) due to the long-term unpredictability of
the processes taking place there. Economic fluongialone can paralyze cohesive planning. The
built fabric around the airport should thereforeédnaontinuous uses and connectivity to functioning
urban areas and be able to respond flexibly togdmn

Step 2: SmartAirea has an interdisciplinary andadisciplinary structure and impacts on practieaching
and science at the following levels:

Goal 1. Using the city (region) as a testbed: Theaaaround the airport is used as a testbed for
implementation. The proposed scenarios includelliggat, networked and integrated solutions for
sustainable spatial organisation and mobility.

2
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Goal 2. Achieve optimisation of individual systesmlitions: Focusing on individual solutions alonasw
not appropriate to move from the "no progress twe¢he SmartAlRea". In this project, the followitapics
were also considered for development: building oeta;, energy networks, integrated mobility solusion
and the involvement of relevant stakeholders amisa® makers.

Goal 3. To create added value compared to indiVidystems/solutions: The involvement of all reldvan
actors, both as project partners and in the plamelishops, is the basis for creating added vatmepared
to individual solutions. Linking information fronié¢ Status Qou determination contributes signifigatat
its acceptance by stakeholders.

Fig. 6: Digital and analog exhibition and partidipa process SmartAirea. Source: S. Pansinger.

Step 3: Various measures, means and ways weretasgdnsmit and disseminate the information and
project results: Networking activities with the Lpartner and relevant local stakeholders, publienes
(workshops, kick-off meeting and follow-up meetinggports in newspapers and on the radio, partioipa

in events and presentations, model making (anaildgiajital), creation of a homepage (www.smartagepn
and integration in university education. At the @fidhe project an exhibition was displayed at Gkaport

(Fig. 6).
3.3 Koper

Fig. 6: Masterplan of the Port of Koper. SourceAEman Momirski.

Step 1: The port of Koper is the youngest modemt jmothe Northern Adriatic (AZman Momirski, 2004)
(Fig. 6). Already at the beginning of the developinef the port of Koper, an airport was planned1962,
the PortoroZ Airport was built in a landscape pavkich is very sensitive to interventions. Therefathe
extension of the runway of Portoroz Airport envisadpy the Municipality of Piran is problematic.

Step 2: We examined the possibility of locating &import near Koper. However, the spheres of imfgeof
four major international airports overlap on thev@nian coast. Therefore, it does not make senbeil a
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large airport (with a longer runway) in this arescause of the high competition between airportsitliloes
make sense to locate a medium-sized (regionalprirphe size of such an airport would be smahent
Ronchi or Pula, but larger than the current Po#@ioport. The proposed location of the new airponld
be in the valley of the Rizana River below Dekatiput 3.5 km east of the port of Koper (Fig. 7)eTh
location is close to the main transportation ro(tgsbljana-Koper highway and Koper-Trst highwayhe
Koper-Ljubljana regional road and the Ljubljana-kopailroad line pass by the site. In the comingrgea
second railroad line Koper-Diva will be built in the area (Ma&k, 2016).

A morphological analysis of the area shows thatdingort site itself is relatively undeveloped. Atpthe
northwestern boundary of the site, the buildingifais concentrated in the IPLAS industrial areaclsa
program is also found along the northern boundéthesite. The airport site also borders the oatkye of
the Dekani settlement and, in the southeastern thartarea of the concrete plant. The southwestdge of
the area is adjacent to some residential buildings.

This is a rather large and technically demandingriugntion in the space. However, such a project is
justified if, in addition to the clear benefits fibre coastal economy, one of the main objectivabetask is
achieved: the removal of the airport infrastructinoen the protected areas on the Slovenian coast.

Step 3: Although some activities involving citizecience have already taken place within the framlewb
the WeCount project (measurement of traffic volumith low-cost sensors on road sections in the iticin
of Koper), further citizen science actions are regaration, including the involvement of citizemsthe
collection of data on living conditions around thart of Koper.

Fig. 8: Spatial organisation of the seaport of §ideand spatial organisation around the airporicRioin Trieste. Source:
GoogleMaps.

Step 1: The port city of Trieste transformed fromextraordinary and flourishing port city in theneieenth
century to one of the many port cities of the twethtcentury on the northern Adriatic (AZman Morkirs
2021). The golden era of the port city of Triestesviollowed by its decline in the twentieth centurgday,
the Port of Trieste is striving to adapt to the petitive world of ports. Since 1957, the mastengdiar the
Port of Trieste has been amended twenty-four tirme2010, a new plan was approved. The Free Port of
Trieste currently includes five different free zen&hree of them are reserved for commercial digs/{the
Old Free Zone, the New Free Zone and the Timbeamnifed) and two for industrial activities (the Fréene
for Mineral Oils and the Free Zone for the Zaule&a The port of Trieste is located between the and
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the sea, and its quays are long - the port hasrgedeng the coast - but lacks storage and handliegs.
Trieste had already used valuable urban spaceofbaptivities (Fig. 8).

Ronchi Airport was initially a military airport dhe Royal Italian Air Force from 1935. After 19%ith the
political decision to give Trieste to ltaly, thelgoof the airport was recognized as fundamentalttier
development of the northeast of Italy. Commerciaffic began in 1961, and in 2016 the airport was
officially renamed Trieste Airport. Currently, & used as a regional airport for low-cost fligtsr Ronchi
Airport, the question is whether it is possibleimtegrate the landscape and airport infrastructnran
environmentally "sustainable” way (Cipriani, 2014Jany airports (but also seaports) are located near
ecologically sensitive areas.

Step 2: In 2016, the Port Authority adopted a negulatory plan (Piano Regolatore del Porto di Teies
PRP). The functional structure of the port andinef the main infrastructural developments arefneeie.
Through direct and indirect impacts, the plan feessthe development and revitalization of the wjnat
area, including adjacent industrial and logistiasilities and municipalities. Although the redeymtent
project is often seen as a compromise to make |dr@d port expansion more acceptable to the pedple
Trieste, it requires a shared vision among the rfwdal players in urban development and a collabaa
approach to urban and spatial planning to makeathty.

Step 3: Citizens Science in environmental resemreiready present in Trieste. MaDCrow, a researah
development, involves citizens as data collectotslevimproving public environmental awareness and
participation in scientific research. The goal bk tproject is to create an innovative technological
infrastructure for real-time collection, integratiand access to data to generate knowledge abewgeth
water quality and marine ecosystem of the Gulf dedte (Diviaccio et al., 2021). However, a citigen
science approach for urban planning at the levéefirport city and seaport city is missing.

4 DISCUSSION

The spatially integrated design of the airport aadport environment as well as the spatial impléatiom

of multimodal mobility networks from macro to micnafrastructure space, energy systems and supply an
the structural-technical coupling of climate préit@e measures motivate the city and the airport seaport
operators to reduce conflicts and tensions. Thesatrport and seaport environments develop muytuadlit
also separately.

The results enable strategic management of thefimiseand resources of this spatial organizatiwh raake
HubCities a driving force of resilient, sustainabkfgatial development. This is a field of study wgtteat
potential that has been little explored in practitds the first holistic study of airport and spart city
territories paralely.

The transferability of the results to other Hub&tis given and thus also the development of neldsfiof
action. Furthermore, the methodology is not onlgligable to HubCities, but wherever the organizatid
space results from the interplay of different pajes "in-between" arises. Currently, the followiage the
main areas where a discourse between global ard ilerests is taking place: Train station, indakt
facilities, etc. They all require spatial embeddingheir surroundings in order to achieve certarational
qualities.

The relevance of the Hub Cities project is expldinet only by its transferability, but also by tfaet that
42% of airport sites are operating at a loss aedttzerefore at risk of regulatory action and clesurhis
makes these territories, some of which are alregdyor disposition, and especially the highly cohtel
surrounding areas, of immediate relevance in teomsrban and regional planning. The pan-European
potential through scaling, duplication or even @ptoal transfer is thus enormous. Pandemic ancmurr
war events also change the role of airports anposesa

5 CONCLUSION

HubCities develop a new approach for a long-termategly for airport and seaport locations and their
surroundings; the approach is transferable andcaigbe in practice as well as in science and edutain
other HubCities regions. The approach preventbiéuntirban sprawl, safeguards landscapes, greeopamnd
spaces, promotes an appropriate mix of uses inibden®cations, generates and combines intelligent
systems, solutions and methods.
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HubCities as a method and strategy shows how dwgbtiwres can become a transparent, connected, and
resilient place that also focuses on human scale.

HubCities takes into account and analyzes the pahsand spatial corridors that have since emerged,
intersecting and settling around the location @f éirport and seaport. Each node and territoryusique

mix of uses and opportunities for exchange and @ghan yet shares architectural and urban design
similarities in the form of a specific pattern.

The HubCities approach is forming a new profileudban planners who will be able to coordinate ase u
citizen science in conflict situations in urbannpiang. A long-term outcome will be a first integvat view

of the space and environment around airport angloseaities or HubCities - where local and glolrakiests
meet. Through such a new process in spatial plgrinwolving citizen science, the promised paradariit

in spatial planning, practice, research and edocatilll take place. Spatial planning is a professithat is
too often not based on facts, but on estimates. gfoviding more reliable scenarios of the spatial
development, we need more reliable starting points.

HubCities aims to strengthen the focus on the esaul, dheir tasks, goals and motivation. The requers
of the end user become clearer, and as a resgigrdéeams can better align their decisions withs¢h
necesities.

HubCities are thus the missing link between spaitehtegies at the micro level and national spatial
development plans at the macro level, especiallyafiport and seaport territories. Hub Cities iagthits
umbrella term.
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1 ABSTRACT

In recent years, GPS(Global Positioning Systemp datd various other data have been provided as
information on people's shopping-around behavioithizv CBD(Central Business District), allowing
people's shopping-around behaviors to be obtaineddre detail. In addition to conventional persop-t
surveys, these data have the potential to reveal aspects of people's shopping-around behaviors.
Furthermore, through the restaurant API(ApplicatiBnogramming Interface), by combining spatial-
temporal position data with restaurant data, it gl possible to clarify people's district visitatifactors and
downtown selection behavior.

In this study, We defined a 5-minute stop in theaaais a stopping off points in the spatial-temppaosition
data, and aimed to clarify the factors of stopmifgooints in the Nagoya CBD area by latent faetoalysis

of PLS(Partial Least Squares) regression, and ton&® individual destination selection behavior by
multinomial logistic analysis. The results of tlateint factor analysis of the PLS regression redetdat the
regression coefficients were high for the numbet type of restaurants in the 0-12 time period,High for
entertainment facilities in the 12-18 and 18-24etiperiods. Furthermore, multinomial logistic anays
revealed a trade-off between proximity of 3 meserd the utility obtained from one restaurant.

Keywords: Shopping-around behaviour, Stopping-offhih Spatial-Temporal Position Data, Urban analysi
Big data

2 INTRODUCTION, PROBLEM AND OBJECTIVES

In recent years, GPS data and various other dat Ib@een provided as information on people's behavio
within urban centers, allowing people's behaviobéoobtained in greater detail. In addition to etional
person-trip surveys, these data have the potdotiglveal new aspects of people's behavior. Furtbes, by
combining restaurant API data, it will be possitdeclarify people's district visitation factors addwntown
selection behavior.

Therefore, in this study, the stopping off pointdéfined as a 5-minute stay in the area in theaigamporal
location data, and the purpose of this study isladfy the factors of the stopping off point inetiNagoya
CBD by latent factor analysis of PLS regression @anelstimate the individual's district selectioméeor by
multinomial logit analysis.

3 SETTING AREA AND DATA SOURCE

The target area was the central Nagoya area cdntarblagoya Station and Sakae Station, and wadedivi
into 55 districts according to townships (Fig. Table 1 shows the spatial-temporal position datagyple,
restaurant API data, commercial concentrationstiesi data, and Nagoya City Building Survey datdus
this study.

The spatial-temporal position data by sample iethas the PT(Person Trip) survey conducted on @ctob
3, 2011 (weekday) as part of the respondents. Tiukyd area data provided includes the minute-byudiain
latitude and longitude coordinates of the trip2@8,543 sample members. The restaurant API dataiosn
restaurant information registered on Gurunavistargant information service.

Symbol | Data name Source Number of data Year
A spatial-temporal position data Tokyo University 08543 2011

B restaurant AP| data Gurunavi 13,144 2019
C commercial concentration statistics data Tokyovensity 611,839 2014

D Nagoya City Building Survey data Nagoya City 79 2011

Table 1: Data source
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Fig. 1: Targeted Nagoya CBD and area division

4 EXTRACTION OF STOPPING OFF POINTS BY TIME ZONE WITH IN THE CITY CENTER
USING SPATIAL-TEMPORAL POSITION DATA

Stopping off points were defined as follows. Werasted the five-minute stay behavior of visitorgd an

defined the five-minute stopping off points as #hagwints (Fig. 2, Table 2). First, visitors who ge
through the area were extracted because of the &rg of the data (Table 2-ii). If there were foremore
points inside the circle, the center point was giesied as the five-minute stop point, the beginmuomt
was designated as the start time of the stop, f@dumber of points was designated as the stop(Tiaiae

2-iii). Next, to determine whether or not the sagnplas at home, we pseudo-checked whether or not the

linear distance between 0:00 and 23:59 was witBim2ter. If it was within 25 meter, the first aadt stop
points of the sample were deleted as home (Tabig Einally, based on the time of the start oé tstop, the
sample was divided into 0-12:00, 12-18:00, and 482, and divided into stop points at each timdaof.

14:30:00_ _
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/
~ i e
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Fig. 2: Determination process:Five-minute stop fodefinition and decision to go home
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Steps the number of people Stopping-off points
i All samples 208,543

ii Sample passing through the area 17,445

Determination process

iii Samples of stopping-off in the area 9,910 14,53

iv-1 0:00~12:00 samples 8,775

iv-ii 12:00~18:00 samples 4,220

iv-iii 18:00~24:00 samples 1,514

Table 2: Number of samples in each process

The results of the extraction showed that the aptmporal position data had larger values thamrésults
of the PT survey, except for the 8:00 p.m. timd, daggesting that shorter stop times could beaeted
from the data.

Number of stopping-off points Number of Trips
(1k points) (1k trips)
100

80

60

40

20 I

0
0 3 6 12 15 18 21 24 O 12 15 18 21 24
spatlal temporal location data PT survey

Fig. 3: Comparison of point histograms by time périor PT survey and spatial-temporal location data
Figure 4 shows the spatial distribution of stoppafigpoints extracted from the patial-temporal piosi data
by sample.

In particular, from 18:00 to 24:00, the distributtits centered on Meieki 1, 3, and 5-chome, Sakelecdae,
and Nishiki 2 and 3-chome. In addition, it can bersthat many of the stops are for 2 or 3 hoursative

N=8,775 S N=4,220 S N=1,514

(<ithg@@<ahr s S ] () <1h@ <4hr
[<2hg@<shr o o (J<2h@<shr & o
<3h Aand © <anf@>=shr /o |
AT
B
£ oy

Fig. 4: Spatial distribution of stopping-off poiriig stop time (left: 0:00-12:00, middle: 12:00-18:@ight: 18:00-24:00)

Next, a histogram of stop times for each time pe(®12, 12-18, and 18-24 hours) is shown in Figuré0-
minute stays are prominent in the 0-12 hour timeéoge but this is thought to be due to a 5-minugasit
stop. The peak at 600 minutes can be interpretadstesy at the office due to employment.

(points) (points) (points)
1500 600 200

300 100

[ [ 71 | [ [ 0 [ [ 1T [T ——
0 600 100 0 200 400

(min) (min)

Fig. 5: Histograms of stop times by time zone(I6f00-12:00, middle: 12:00-18:00, right: 18:00-2):0
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5 CHARACTERISTICS OF INNER-CITY DISTRICTS BASED ON RE STAURANT API
Next, the restaurant AP| data was used to explmentimber of restaurants and restaurant typesafdr e
time period.

The restaurant API data was plotted on a map (Eig)r By time zone, the number of restaurants open
between 12 and 6 p.m. increased (2,208), with icpéarly marked increase in Osu and Sakae.

Fig. 6: Space distribution of restaurants by rastaiutypes (left: 0:00-12:00, middle: 12:00-18:Aght: 18:00-24:00)

Aggregate results by district also show that of2Beotal restaurant types, Meieki 3 and 4 and &&kand
Nishiki 3 have more than 20 restaurants types.|€rap

Right:Restaurants/km2 Left:types Right:Restaurants/km2 Left:types

0~12 12~18 18~24 0~12 12~18 18~24
Ushijimacho 263 12 338 13 213 14 Ninomaru 10 2 16 B8 10 2
Nagonol 253 10 464 16 349 15 Sannomarul 21 6 37 88 2|7
Nagono2 149 6 191 8 166 6 Sannomaru2 5 1 15 2 15 2
Meiekil 856 19 939 19 714 17 Marunouchi 52 2 73 3 25 ]2
Meieki2 222 16 475 18 353 16 Marunouchil 111 10 222 13 185 12
Meieki3 488 17 1515 20 1240 20 Marunouchi2 165 1066 2 | 14 188 12
Meieki4 708 19 1401 20 1057 20 Marunouchi3 126 13152 | 17 147 14
Meieki4 247 10 585 17 476 14 lzumil 231 15 449 17 423 | 16
Taikol 57 4 85 5 57 3 Izumi2 175 8 330 14 265 13
Taiko2 0 0 0 0 0 0 Izumi3 96 6 208 12 178 1p
Taiko3 72 4 131 7 87 5 Tououl 238 14 363 16 300 16
Takebashicho 55 5 111 7 96 6 Touou2 209 13 489 1787 3| 15
Tsubakicho 399 16 1231 19 1123 19 Takehiracho 107 4214 6 150 4
Noritakel 116 | 5 270 10 250 9 Sakael 240 15 487 1889 3| 17
Noritake2 83 4 148 7 138 7 Sakae2 222 15 387 L7 26016
Kamejimal 12 1 113 7 113 7 Sakae3 626 19 1203 21 7710 21
Kamejima2 53 5 99 8 66 7 Sakae4 504 14 1397 4] 12829
Meiekiminamil 237 14 473 15 340 14 Sakaeb 168 13 3 32 16 261 16
Meiekiminami2 29 4 35 5 17 3 Nishikil 224 11 385 15286 14
Meiekiminami3 48 4 56 5 40 4 Nishiki2 292 15 563 19432 17
Meiekiminami4 9 1 27 3 27 3 Nishiki3 481 18 1737 2[1 1653 21
Kamikomenochol 45 7 68 10 36 7 Chiyodal 12 2 44 54 4|5
Unngacho 118 13 141 14 103 12 Chiyoda2 5 4 124 700 1|6
Gongendoril 18 4 24 6 18 5 Osul 22 3 50 6 41 b
Makinocho 0 0 0 0 0 0 Osu2 277 9 495 16 448 5
Meijol 0 0 0 0 0 0 Osu3 411 15 602 19 506 i ]
Meijo3 20 2 20 2 20 2 Osu4 151 13 244 16 177 3
Honmaru 9 2 19 4 14 3

Table 3: Number of restaurants and restaurants typéime zone by district

6 ANALYSIS OF STOPS IN NAGOYA CBD USING LATENT FACTOR S IN PLS REGRESSION

Next, we get a latent factor analysis of PLS regjogs which stands for partial least squares regyes a
technique that can be adapted to data with thatafemulticollinearity. PLS regression analysisswesed
because of the highly correlated combinations foamdng the variables in this study. With the numifer
visitors per district area as the objective vagaldtent factors are analyzed by time period (012218, and
18-24 hours). The objective and explanatory vaesialre organized and presented in Table 4. Thdiequa
for PLS regression analysis is as follows.

X = topl +typ, +t.pl +tap] +t.pl +E

Y =tggs tipqy ti-q, tiaq; + a4, +f

(tn: n-th principal component, pn: n-th loading ré&sidual of X, pn: n-th coefficient, f: residudlY))
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Variables Source | Note
y | Number of visitors per district area A Stoppirffi-Start Time
a | Number of restaurants per district area B Opetiing
b | Number of restaurant types per district area B er@py time
¢ | Number of recreational facilities per districear C+D
d | Number of cultural facilities per district area D
e | Number of retail stores per district area C

Table 4: Objective and explanatory variables usd@lS regression analysis by time period

A summary of the analysis results is shown in Té&hleshere the number of latent factors with thedstv
PressRMSE(Root Mean Squared Error) was selectedltirgy in a latent factor number of 2 for all time
periods. The regression equation for the relatignkbtween the number of visitors per unit arealigyrict
was obtained for these two latent variables.

0-12 12-18 18-24
Number of components 2 2 2
R2 0.606 0.314 0.109
PressRMSE first latent variable 0.00052 0.000254 00@95
second latent variable 0.00112 0.000433 0.00021
Cumulative contribution rate 72.7 68.4 62.7

Table 5: Summary in PLS regression analysis

Next, we examine the standard partial regressiefficents by time period (Table 6,7,8).

In particular, the absolute values of the numbeergertainment facilities (c: 0.448), cultural fai@s (d: -
0.369), restaurant types (b: 0.213), restaurant3.{1&7), and retail stores (e: -0.117) were hidgietween 18
and 24 hours, in that order.

A comparison of the rank order of the standardiglartgression coefficients across time periodeaés/that
the number of restaurants and the number of restatypes are higher in the 0-12 time period, wthie
number of entertainment facilities is higher in fi#218 and 18-24 time periods.

a b c d e
Standard Variance Regression Coefficient 0.257 9.42 | 0.163 -0.083 -0.0028
first latent variable 0.004 89.446 0.012 0.000 0.00
second latent variable 0.222 0.000 0.959 0.005 110.0
Table 6: Latent variable loadings(0-12)
a b c d e
Standard Variance Regression Coefficient 0.152 10.26 | 0.549 -0.245 -0.028
first latent variable 0.003 40.598 0.007 0.000 0.00
second latent variable 0.184 0.000 0.781 0.005 110.0
Table 7: Latent variable loadings(12-18)
a b c d e
Standard Variance Regression Coefficient 0.157 .21 | 0.448 -0.369 -0.117
0.001 13.478 0.003 0.000 0.000
second latent variable 0.061 0.000 0.305 -0.008 00D.

Table 8: Latent variable loadings(18-24)

In PLS regression analysis, as in principal compomaalysis, the latent variables are orthogondl the
axes can be interpreted as an overall indicatthefvariables. Therefore, each latent variablatisrpreted
by looking at the loadings of the latent variabégsl the distribution of latent factor scores. Thpatigl
distribution of latent factor scores by time perisghown in Figures 7, 8 and 9.

The spatial distribution shows that there is naigigant difference between the first and secorteén
variables by time period. However, looking at thadings for each latent variable, the first lateariable is
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0.894 for the number of restaurant types from @220.406 from 12-18:00, and 0.134 from 18-24:00.
Although the loadings decrease as the hours gat laey are higher than the other variables, whah be
considered the "axis of restaurant diversity" carcbnsidered.

The second latent variable can be considered as'uti@n entertainment axis" since the number of
entertainment establishments is 0.959 from 0-1Za#81 from 12-18am, and 0.305 from 18-24am, sitlyilar
taking higher values than the other variables.

<0.0003 - <0.00017 o —1<0.000057 .
SO = a =S [
<0004 b\ E<0.000225 -

| ‘

El>000"4 Il-0.000225

-

-
second latent variable

Fig. 7: Spatial distribution of latent factor sceteft: 0:00-12:00, middle: 12:00-18:00, right:0@-24:00)

second latent variable second latent variable

7 ESTIMATING A MODEL OF NIGHTTIME DISTRICT CHOICE BEH AVIOR USING
MULTINOMIAL LOGIT ANALYSIS

Next, we consider that there are routine and naitine free activities in the nighttime after workdause of
the characteristics of the spatial-temporal locatimta and the fact that it is a weekday. Therefae
estimate the district choice probability of visgdo the Nagoya city center area by conducting kimomial
logit analysis, with the presence or absence aviddal district choice as the objective variabledahe
linear distance between the 18-24 pm stop as thlaeatory variable in addition to the explanatoayiables
in the PLS regression analysis. The variables asedhown in Table 9.

Variables Source | Note
y | Visitation choice by district A Stopping-off Starime
a | Number of restaurants per district area B Opetiing
b | Number of restaurant types per district area B erpg time
¢ | Number of recreational facilities per districC+D
area
Number of cultural facilities per district area D
Number of retail stores per district area C
f | Distance between stopping-off points A Distaneen®en stopping-off points in 12-18
Table 9: Variables used in multinomial logit an#ys
a b c d e f
1
-0.139 | 1

0.047 | -0.608| 1
-0.047 | -0.318| 0.296| 1
0.467 | -0.419| 0.362| 0.04 1

-0.063 | -0.204| 0.122 0.083 0.022 1
Table 10: Correlation matrix between variables

-0 o0 | T |D
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Since multinomial logit analysis requires consitiera of multicollinearity among explanatory variab|
correlation coefficients among each explanatoryaide were obtained and variables were selecteda As
result, the number of restaurants (a), the numbeultural facilities (d), and the distance betwestmps (f),
which are not subject to multicollinearity, wereedsn the analysis (Table 10).

The equation for individual utility obtained frotng multinomial logit analysis is as follows:

log (y) =0.606 log (a) - 0.216 log (d) - 1.995 log {fp.151
Using the cross-validation method based on thenpeters obtained, a high value of 0.984 was obtdioed
the success rate.

A summary of the analysis results is shown in TddleThe negative values for the distance betwamrss
indicate that the longer the distance, the sm#ikewtility an individual can obtain from the distr We also
find that the individual's utility increases as th@mber of restaurants per unit area increases. Suyjgests
that there is a trade-off between the utility gdifidm one restaurant and the proximity of 3 meters

parameter | odds VIF p-value AIC Success rate

intercept 6.151

a 0.606 1.833 1.024 <0.05

6937.4 0.984
d -0.216 0.805 1.011 <0.05
f -1.995 0.136 1.019 <0.05

Table 11: Variables used in multinomial logit arsady

From the obtained model equation, the individugfebability of choice by district is estimated and
illustrated in the figure. The estimated probaieditof choice by district are Meieki 1, Nishiki Igeieki 4,
and Sakae 3, in descending order of probabilityaddition, there are two distributions, one cerdesa
Meieki and the other centered on Sakae (Figur&y le

Next, using this estimated model equation, we egBnwvhere and how much the number of restaurauts an
facilities by district should increase to incredise probability of individuals choosing any giveoint over
competing districts. As an example, we selecteddbke 1, 2, 3, and 4 districts and estimated theiaiis
specific selection probabilities for the case iniakihthe number of restaurants was increased teififoid
1,172.8 to 11,728.3. The results showed an effectducing the selection probability of Sakae 3dne
rank and increasing the selection probability ofi @y one rank (Figure 8, right).

—T T I 1

Fig. 8: Estimated probability of selection by distr(left: existing state, right: Increase the manof restaurants in Osu area by 10
times)

8 CONCLUSION

This study clarified the factors of stops in thatcal Nagoya CBD and estimated district-specifieston
probabilities based mainly on the spatial-templwedtion data and the restaurant API data.
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1) The standard partial regression coefficientshef PLS regression showed that the number anddfpe
restaurants were the top factors during 0-12 haunile entertainment facilities were the top fastduring
12-18 hours and 18-24 hours. Regardless of the dinalay, the first latent variable could be inteted as
the restaurant diversity axis and the second latemdble as the urban entertainment axis.

2) A multinomial logit analysis revealed a tradé-oétween the 3-meter proximity and the utility rgsd

from one restaurant. In Nagoya CBD, the probabdithoice is high in Meieki and Sakae, but incitegs
the number of restaurants in the Osu area incrahsgsrobability of choice in the Osu area and el@ses
the probability of choice in Sakae 3.
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1 ABSTRACT

The global population has continued to increase thes past fifty years and many scholars belieat this
trend will continue until the year 2050 or beyofithe challenge now lies with the ability of mostieast
especially those within the global south to devedag provide the most needed infrastructure andcesy.
Namibia, with only 2.5 million people, with Windhioethe capital city accounting for about 400 000
residents; is battling with the high rates of uibation since the influx of the people into Windkoe
continues to be soaring. There have been massatilspxpansions as new arrivals settle on therurba
fringes, consequently, over the years the city been failing to keep pace in terms of basic service
provision. Though there has been some researcthalvatstudied the spatial expansion of the cityiwiits
peri-urban areas. There is still a need for extensesearch that unpacks the key causes of thésa ur
transformations and the challenges of the uncdattalrban spatial growth. Thus, this paper explaned
unpacks the root causes of these spatial urbasftramation. The increase of the urban populatialéd to
urban sprawl which has negatively affected the reffof the city of Windhoek to provide development
infrastructures and services. Moreover, the denfandhousing have also increased and those thatotann
afford to rent in the formal housing sector arehgasinto the informal settlements. Thus, the city o
Windhoek faces a daunting task in the provisiobasic services to its residents as this is exatattizy the
need to adopt a pro-poor planning approach, whicmany instances places financial burden on the cit
Thus, to address this challenge there is a neethéoformulation and effective implementation oatal
planning tools such as the spatial developmentdveonk and policies that will specifically guide theban
spatial transformation in the peri-urban areas afidiWoek. A case study research design was adopted t
investigate the uncontrolled urban spatial tramsfdions in the peri-urban areas in city. The radear
employed qualitative data analysis that involves élxtensive review of existing technical documdram

the City of Windhoek and peer reviewed journal&chs.

Keywords: peri-urban areas, spatial transformatioban growth, urbanisation, Windhoek

2 INTRODUCTION

The world urban population continues to grow and pat pressure on cities to provide for the necgssa
infrastructures such as better roads and houdéeitoresidents. In 2021, the total world populatwas 7.9
billion people, and more than 50 % of these inlzadt# live in urban areas (UN-Habitat, 2022). Dedvidh
(2022: 238) observed that, peri-urban areas andnuriinges are pivotal places as they offer an
understanding of the contemporary urban transfoomats most of the world urban population liveghese
areas. In Africa as a whole this phenomenon hatlagh increase in the number of residents whoitiviee
informal settlements also known as the shanty towfisagie and Turok (2020: 351) assert that these
massive expansions of the urban areas coupledtiatiack of infrastructures or services provisiorthe
informal settlements and peri-urban areas haveribobtd to urban planning segregation and have
disadvantaged mainly the urban poor regarding tbe dervices that should be provided by the city
administration for all. A shift of population froithe rural areas into the urban areas has led tousr
challenges, one of them has been the uncontroltbdnuspatial transformation in most of these cities
especially those in the global south. In most ef ¢hiies this sporadic urban spatial transformatias been
happening within the peri-urban areas (UN-HabR@atl4). In Namibia, a country of 2.5 million peopésd

in Windhoek which is the capital city and accouistsabout 400 000 residents, the effects of urhzatial
transformation have been clearly observed. Thelrmgirease of the population moving from rural tban
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areas such as Windhoek has been driven by sewaetal$. The influx of people mainly from the ruaatas
presents a huge problem to the City of Windhoek @tsequently overburdens its efforts in providimeg
required municipal services. This problem is angdifoy the fact that many of the people who migtate
Windhoek find it difficult to get employment opponities within the formal sectors and hence, thag f
themselves trapped by poverty within the informeitlements. Therefore, this paper has examined the
causes of spatial expansion and the challengesuthassociated with this expansion. While, labttypaper
has proposed strategies that could be used ay jpoérvention in addressing the unsustainable ugpatial
expansion.

3 CONCEPTUAL SYNOPSIS

In the case of Windhoek, some scholarly work inisethat some of the primary factors that enti¢ed t
rural population to flock to Windhoek can be atiitigd to the “pull factors” which are perceived hg tural
residents as better health services, good edudaiidlities and the prospects of better job oppdities that
are found in the urban areas. While on the othadhkack of better health care and education teesliin
rural areas are seen as some of the “push factorash, Nickanor and Kazembe (2019: 3) arguestheat
vast number of the people who move from theruralh® urban areas of Namibia greatly influence the
spatial transformation of the peri-urban areas afidioek. According to Indongo, Angombe & Nickanor
(2013) and Chitekwe-Biti, 2018: 403) one aspect @ to the increased number of residents in Waedth
after independence was the abolishment of the lagidrpolicy that restricted the movements of rasisle
into Windhoek without the “PASS law”. Windhoek hasw seen more demand for housing, and this puts
enormous pressure on the City of Windhoek to delegviced land and road infrastructures. De Vidoyi
(2022: 239) and Katumba & Evaratt (2021: 148) arthet another aspect that put many of the post-
apartheid African cities such as Windhoek and Jobsiourg at disadvantage are its mono-functionagjdes
concept which encourages residential sprawl. Toneept was borrowed from the Western planning geal
and amplified during the apartheid planning era.edne, Stoffberg and Kandjinga (2021: 237) assett th
due to impact of this past apartheid policy on piag many of the urban centres such as Windhoek Veér
with a high level of disparities and uneven spatlakelopment. In trying to respond to some of the
challenges the City of Windhoek had to extend isrgary of the town and townland, with the aim of
ensuring that there is sufficient land for the emereasing demand of land. While the City of Windh has
been pro-active in extending its boundary theriisa rapid increase of people in the peri-urbagas with
some scholars estimating that close to 50% of ¢ésedents in Windhoek live in the informal settletsen
(Crush, Nickanor and Kazembe, 2019: 1). Accordingtban Dynamics (2020: 98) this historical expansi
of the City of Windhoek municipal boundaries makesne of the largest in the world. However, this
expansion has created several challenges. Martyosétwho live in the peri-urban areas of Windhoek a
still not connected to most of the municipal seggic

This now means that a rapid spatial transformagaiaking place within the peri-urban areas of Wioek

and due to this continued pressure, there has $g@nadic conversion of productive agricultural lantb
residential areas, which is mainly dominated byiinfal settlements comprising unserviced land on the
fringes of Windhoek. Van Greunen (2021: 4) pogittt informal settlements should be viewed as datie
urban production process, especially in many citiEsleveloping countries. This assertion rests o t
inability of many cities in the global south to adately provide key municipal services. Howevemso
scholars have looked at the concept of co-prodactib urban spaces within the peri-urban areas as a
solution to the proliferation of the informal settients which lack basic services. Delgado, Muller,
Mabakeng and Namupala (2020: 176) argue that throagproduction different interest groups couldifan
common ground in terms of how informal areas cast be upgraded and thus the process could benefit
from the local knowledge. Concurring with the abagsertion, Miltin and Bartlett (2018:356) notetttiee
defining characteristic of co-production is thag tommunity and the state together co-deliver deessary
urban services with the low-incomes groups. Fromobcy perspective the City of Windhoek has also
adopted and approved the preparation of the WirdHdeban Structure Plan - WUSP. Once fully
implemented the WUSP aims to firstly curtail theswstainable urban growth and spatial patterns ydipal
development, as well as to serve as a framewotkntitiaguide the spatial distribution of municipsérvices.
Furthermore, once approved the WUSP will providegal guiding framework that will ensure that urban
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land in Windhoek will be used for the highest ardthuse in line with the existing policy framewdgtkban
Dynamics, WUSP, 2020).

4 RESEARCH METHODOLOGY

The study has employed a qualitative approach imdeof data collection where various technical
documents and scholarly articles were reviewed. tEbknical documents that were reviewed included th
WUSP, informal settlement upgrading approaches.jdinmals articles reviewed are those that had #tiem
areas that covered the spatial expansion withirpéne urban areas. For the journals articles ambse that
were published in the past ten years were seldcotgutovide both the trend and guidance in terms the
relevant literature in the domain. This has allo@dan in depth understanding of the key causasiuwdn
spatial expansion within the peri-urban areas afidoek. The researcher extensively used differestch
engines such as Google scholar, SAGE, ELSEVIER,IISBRR, Google search to obtain the information.
O"Connor (2019: 67) asserts that document analysissub-branch of discourse analysis which focoses
the analysis of meaning in words and images.

A case study design approach was adopted withrtleratanding that this approach would complement th
qualitative data collection method by unpacking dineers of urban spatial transformation within theri-
urban areas of Windhoek. Havana informal settlemeas selected as the case study where urban spatial
expansion has taken place. Since the City of Wisklhtas developed several plans and policy documents
the researcher deemed it necessary to reviews tfeesenents using the document analysis method. For
spatial analysis, Google earth application was usettack the physical expansion of Havana informal
settlements using a real-life tracking option thédwed the researcher to travel in time and thegv\the
actual expansion of the informal settlement agvietbped over the years.

5 RESULTS AND DISCUSSION

This section will discuss in detail four key factdhat were identified to be the primary contribsitto the
urban spatial transformation within the peri-urkmeas of Windhoek. Though from extant literaturés it
evident that there are many factors that have itenéd to the uncontrolled expansion within thei-peban

areas of Windhoek, the section below will discusg of the causes that were uncovered.

5.1 Causes of urban spatial expansion of the city

The expansion of development within the peri-urbegas of Windhoek is very complex as it is influsghc
by a range of interconnected factors. Therefore,pdper deemed it necessary to select the maiexass
they would offer a better illustration of the prei at hand.

5.1.1 Rapid pace of Urbanisation in Windhoek

Most of the reviewed literate indicates that imnagely after Namibia got its independence in 1990yt

the people who were in the rural areas startedaweento Windhoek. In 1991, the Namibia Populatiod an
Housing Census indicated that the urban populatiood at 28%. This population then increased to 88%
2001 and 42% in 2011 respectively (Namibia Stassfgency, 2012). Indongo, Angombe and Nickanor
(2013:4) observed that “though there has been arathypopulation increase in Namibia, Windhoek ¢ias
actually accounted for 36% of the total share dnc tmaking it the primary focus of urbanisationtieT
reasons for these rural-urban migrations are skvie@vever, some studies have identified three main
factors that have contributed to this phenomenodorngo, Angombe and Nickanor (2013:4) assert tiat t
three main reasons why people move from rural tiawirareas are due to better job opportunities, good
education facilities, and escaping poverty in raraas. Further to this, some literature indicttessome of
the reasons for moving from rural to urban areash®en tied to economic opportunities and this kspea
the uneven development of, and provision of sesvicethe country with greater bias towards the mrba
centres. Moreover, empirical evidence from soméhefstudies conducted in Windhoek indicates that “a
the city continues to grow and develop it then m#tically attracts more people from rural areas and
consequently increases the demand for more services

In a study that was conducted by Endjala and B@®@20: 162) within the Northwestern informal areds
Windhoek, it was discovered that one of the maasoas why people were moving to Windhoek was tk see
employment, while those who moved with the familgswthe second reason. However, there was also a
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group of those who moved to the city in search atfdr services such as education. What is impottant
note is that many of the rural population who nmigdato Windhoek in search of better opportunitiesev
not literate and thus they may only find employmerthin either the informal trading business otiates
they find temporary employment.

Reasons for coming to Windhoek Frequency Percent
To look for a job 60 57.1
Better services in the city 11 10.5
Tertiary education 8 7.6
Transferred with work 6 5.7
Moved with family 13 12.4
Better Healthcare 2 1.9
Total 105 100

Table 1: Reasons as to why people move to WindiHdelrce: Endjala and Botes (2020)

5.1.2 Increased Demand for Housing, Infrastructure, aamdiSes

As indicated in the previous section the rapid ease of population in Windhoek has put tremendous
pressure on the ability of the City of Windhoekpi@vide for all the necessary services. In modhaimses
people who move to Windhoek are seeking employrapportunities and thus do not have income to rent i
the formal housing sector once they arrive in titg @his means that their only alternative is tayswith
their relatives in the informal settlement or igyhare lucky to occupy unserviced land within thassas.
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Table 2: Demand for housing in Windhoek, KhomasaregSource: Asino and Christensen, (2018)

Consequently, the increase of the population irmmnidreas such as Windhoek put pressure on thesjmovi
of properly planned townships which should therabeompanied by road infrastructure. Indongo (2015:4
observed that unless prompt policy interventions arroduced, the great population increase will
overburden the municipal infrastructures and sesvidVloreover, an increase in the Windhoek popuiatio
requires a municipal planning system that cantfask and deliver affordable land to the urbandesis.
Unfortunately, in the case of the City of Windhadde municipal planning system has not been able to
effectively address the housing and infrastruch@eause the city cannot keep up with the pacetarglit is
difficult to provide for all their needs in goodrte. The Table above indicates the gross nationasihg
demand for all the regions in Namibia. One will @& that the Khomas region were Windhoek is l&s h
the highest number of demands for housing. HoweAsino and Christensen (2018: 24) noted that within
the medium period of 2021 to 2030, the demand doishng could drop before it increases again indhg-
term period from 2031 to 2041. This means that ghothe demand of housing units in the formal sector
were expected to drop in the medium term, the sty faces a daunting task in providing for mupai
services that are key to township establishmenish ®s road networks, water reticulation systent an
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electricity grid in the informal areas and espdgishose within the urban fringes as they are fairf
existing municipal infrastructures.

5.1.3 Uncontrolled occupation of unserviced land

The increase of the Windhoek population mainly ttuthe rural-urban migration has become a timeigk
bomb. In 1946, Windhoek had a population of lesentB0, 000 people, in 1975 it had a population of
80,0000 people, while in 2001 the urban populaiionVindhoek has doubled to 200,000 people. The
Namibia Statistics Agency in 2011 indicated that Windhoek population was 325,800, which was a 50%
increase from the previous census. Hence the isergathe population led to the rapid expansiothef
physical borders of the City of Windhoek. The aityw started to expand into the commercial farmsctvhi
are privately owned. After the city realised thatvas running out of land for its residents, itezatl into
agreements with these farm owners to purchase ffand them though this exercise was later seen to be
counterproductive. From the policy perspective ¢hig then applied to the Ministry of Urban and Rura
Development to expands its boundaries (Windhoelab&tructure Plan, 2020).

Figure 1: The footprint of Havana informal settlartsein Windhoek in 2004, source: Google earth

After Namibia got its independence many of the sggtion laws were abolished and this led to thenindf

the people in the capital city. Figure 1 shows thahe year 2004 there was little expansion withia peri-
urban areas of Windhoek. These areas which arekatson as the North-Western informal areas inclibee
Havana informal settlement. These areas were destloped by the City of Windhoek as the reception
centres of the excessive urban population, andith@dministration at that point, hoped that theseld be
temporary areas and once the migrants have estadlithemselves, they should move into the formal
residential areas. However, the rural migrantsapaegpermanently stay in the areas that were esledal as
reception areas. Weber and Mendelsohn (2017: 18grebd that one of the key drivers of informal
settlement growth was rural-urban migration andnigeirom the Northern of Namibia.
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Figure 2: Physical expansion of Windhoek in 2022u18e: Google Earth.

The image above was taken during March this ye@24pP and one can clearly see the rapid urban
transformation which has led to an increase insferadic occupation of unserviced land within tleei-p
urban areas of Windhoek. Moreover, it is also avidbat outside the study area (outside the oraogjd
line) there has been rapid proliferation of inforfmausing activities. This continuous pressurefbased the
city to be proactive and look for new ideas on hmwvaddress these socio-spatial problems that were
amplified by urbanisation. The Namibian governmeagether with its stakeholders such as the City of
Windhoek then developed the Flexible Land Tenuret&8ys Act of 2012 as a tool to address tenure
insecurity amongst the low-income groups. Anothiéical aspect within the flexible land tenure gystis

the emphasis that it puts on the participatory eggh, especially during the in-situ upgrading pssoef the
informal areas. Kohima, Mabakeng and Alexander 2208 noted that the involvement of community
members within the informal settlement upgradinigved them to provide inputs into the planning and
development of their area.

5.1.4 Sporadic conversion of agricultural into residdraad

Since much of the land on the periphery of Windhise@wned by private individuals or by entities whni

opt to sporadically convert this agricultural lasehall-holdings) into residential areas through rfiprivate
townships “that provide their own services to itgnoresidents. However, in principle the developmat
new “private townships” on the periphery of Windkaannot be discouraged as these developmentsrhappe
on private owned land. The unfortunate thing & these developments only address the housing rafed
middle- and upper-income groups, as many of theapgidevelopers who undertake this process arerdriv
by profit maximisation. This means that the CityWdindhoek as the local authority is the one thdefs

with the sole responsibility for providing housiagd service needs for the low-income groups.

5.2 Challenges due to the urban spatial expansion of éhcity

Each of the four causes that were discussed ins#dmtion above present a challenge to the proper
administration of peri-urban land, as well as thevision of the basic municipal services by theyGif
Windhoek.

REAL CORP 2022: Mobility, Knowledge and Innovation Hubs
/
—m REAL ml &Q in Urban and Regional Development — Vienna, Austria




Cyrlius Tjipetekera, Trynos Gumbo, Eric Yankson

5.2.1 The city can no longer accommodate all its ressldoe to shortage of land

The biggest challenge that the City of WindhoeH waintinue to face for may years is the fact thatoes
not have enough land within its area of jurisdictiwhich would have enabled it to expand sustainabty at

Windhoek has extended its boundary which now iresudose to 75 farms and small-holdings, technicall
the city does not own these properties as indicateélde Windhoek Urban Structure Plan report. Tfeeee
since the only available land is privately own tigy of Windhoek has found itself in a difficult gition
where it cannot accommodate the ever-increasingbeuraf the population due in-migration and natural
population growth. What saddens is that some oféis@&lents who opt to occupy the unserviced land fi
themselves facing a lot of challenges, some ofléinid is in the river catchment area and hilly gmaphies.
The Flexible Land Tenure Act of 2012 aims to prevgkcure tenure to the urban poor, through a psoces
that allows for block registration of land rightswhich a group of members will have rights to. teabach
and De Vries (2021: 1) posit that the key definitigibute of the flexible land tenure system iptovide a
land registration system that is less complex dfatdable to the urban poor. Thus, the idea isdweha
system of registration that is not as complex asctimventional one which has been marred by buraeyic
However, the flexible land tenure has also beew skaw in terms of the implementation process.

5.2.2 Provision of municipal services & infrastructurecsstly

The provision of basic municipal services in tha-jpeban areas of Windhoek has been observed by wfan
the urban poor residents as the greatest challeihgl time. Since many of these residents haveipiec
land that is very far from most of the municipatwerk in terms of roads, electricity, water, andvee
reticulation systems they are totally disconnedtedh the formal part of the city. However, the Ciy
Windhoek over the years has introduced communagmwadints were many of the residents could get wate
using a “water token” that is purchased from thg offices. However, for other infrastructures swashthe
roads and sewer system it has been quite difffanlthe city to provide them as they require sufsih
investment which in most cases is based on thereosvery approach, which is not feasible in the-lo
income areas. In their study Demmert and Ndhlov@l @ 71) observed that the cost of providing bulk
services within the formal planning system andph&fessional fees attached to this process are éxamgp
the provision of serviced land to the low-incomeugps.

5.2.3 Increased transportation cost to the ultra-low-mearoups

The city of Windhoek has a dedicated municipal system that is normally used by the urban poor. The
unfortunate part of this bus system is that it amperates in the formal part of Windhoek. Thushimitthe
informal settlement areas many of the urban popedé heavily on informal transport. such as unteggs
taxis and minibuses. This further complicates thelihood of these residents as they walk longadiises in

the event of an emergency before they can findsasbap or taxi rank. Since there are no propers;ot:
police and ambulance services struggle to attewdtioal matters in the informal areas.

5.2.4 Windhoek lacks spatial governance due to divenseé tavnership on its periphery

In recent years the biggest challenge that theigitgcing has been the issues of spatial govematih all

the fragmented land development and sporadic landpation that is taking place on the peripherg,dity

is faced with the daunting task of proving effeetispatial governance. In as much as most of the new
townships that are being developed on periphergngsl to private entities, there is a need for theto
provide spatial direction that will sustainably d@ithe future development of the city. The Windhoekan
Structure Plan report of 2020 indicates that tieeegreat possibility that a formal town coulddstablished

on the northern edge of the city and along the & rwhich stretches from Windhoek to Okahandjas Thi
assertion is based on the increasing number o&teli developed estates/gated communities in tigia. a
This development has been amplified by the upgopdinthe B1 national road to a dual carriage waat th
has significantly decreased the travelling timeneen Windhoek and Okahandja.

6 TOWARDS A SUSTAINABLE URBAN DEVELOPMENT STRATEGY

Based on the discussion presented above in thir itaig clear that the city administration hasesaVlegal
instruments that they can use to control and steeelopment especially within the peri-urban argasthis
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appears not to be the case. This means that thereantradiction in terms of what the city caralggdo
and what the city has been able to do, within thap# of these existing legal instruments.

The paper therefore, recommends the following wetetions in solving the burden on the municipal
infrastructure caused by the ever-increasing ugmoulation which in turn leads to urban spatialamgion
within the peri-urban areas of Windhoek.

e« The Status quo Report on the formulation of the doek Urban Structure Plan, advocates for
deliberate efforts to be undertaken by the citgrioourage sustainable land development approaches
that includes infill development; this requires gy to identify all those vacant erven/plots whic
are linked to the municipal services and encouriagyestment in these areas through policy
formulation and implementation. This paper conawith this approach which should be done as
matter of urgency.

* The Flexible Land Tenure System Act of 2012 and raggulations, provides the necessary
registration process that can enhance the provisicdhe affordable and secure land right for the
ultra-low-income groups. However, what is neededhes effective implementation of this legal
instrument. Moreover, the City of Windhoek Upgragdand Developmt strategies should be used to
complement the Act.

« More importantly, there is a heed for the citydohk at innovative ideas regarding provision of éxett
housing to alleviate the ever-growing number ofssaibdard houses in the already overcrowded
informal settlements. While from a national poliggrspective, the Namibia government should as
much as possible try to balance the developmeimfidstructure and provision of social services
equitably amongst all urban centres and rural aftas hoped that this could deter rural residents
from migrating to the urban areas.

7 CONCLUSIONS

The City of Windhoek faces a daunting task in tgyto provide basic services to its residents. This
because the provision of basic services such agedrland, road and water supply require the taitgpply
pro-poor planning frameworks which in many instandeecome a financial burden foil the city
administration. Moreover, while many of the currezgidents find it difficult to makes ends meet ¢itg is

still seen by those in rural areas as the “the @edhland” were there are better job opportunitgesd
education facilities and an effective health cargtean. This perception continues to foil the movets®f
rural populations to urban centres such as Windlayek thus these centres are continuously requaed t
provide basic services to the urban poor even vilhemrban centres find themselves in very deeméiaa
distress. However, if correctly understood and eanmnted both the flexible land tenure system aed th
WUSP could serve as guiding legal frameworks fonae effective and participatory type of planning,
especially for the peri-urban areas of Windhoek.e Témphasis now should be on the effective
implementation of of these legal instrument.
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1 ABSTRACT

Recently, mobile phone location data containingabtivities of different urban residents can be leygd

for an urban study. Compared with field researcbbite phone location data have a larger volume ewid
range, and higher frequency. It can provide frestla tb support urban research. Most analyses cfphial
distribution of pedestrians employ linear or log-lmodels using least squares, but the drawbadlatsthe
number of pedestrians and the number of countsoti@lvays follow a normal distribution and the keas
squares method is vulnerable to outlier effectsusThthe use of generalised linear model (GLM) with
maximum likelihood estimation for the analysis bktfactors influencing pedestrian distribution nsake
sense. However, these models lack suitable indEat rank the factors’ strengths. In this study w
employed the Sakae district of Nagoya as the olgjethe study and divided the factors influencihg t
spatial distribution of pedestrians into four categs: street attribute factor, land use, spacdigumation,
and transportation accessibility factor. Finallyg wmployed a GLM to study the factors influencihg t
pedestrians’ distribution. We introduced a meamddadised partial differential value to compare the
significance of each variable in the model. Thalifigs showed that the correlation coefficient betwe
forecast and actual values was better for the dinesdel whereas the mean absolute percent errobetter
for the negative binomial distribution model. Batiodels revealed that the integration value genefaten
the segment angular investigation was substantalyelated with the pedestrian distribution agpace
configuration indicator.

Keywords: Mobile Phone Location Data, Pedestria@gneralized Linear Model, Segment Angular
Analysis, Urban Planning

2 INTRODUCTION

The quantitative analysis of the spatial distribntof the number of pedestrians has great signifiean the
21st century. Recently, in addition to conventiooaldoor survey data, the three cellular carriardapan
have recently begun commercial services of mobilenp location data in urban areas. Owing to thgelar
scope and volume of mobile phone location dataectitin, it is predicted that new advances in the
gquantitative analysis of the pedestrian numberatiapdistribution will be introduced.

In addition to street attribute factors, facilitplume (land use) factors, and transportation adutgs
factors, space configuration factors based on plaees syntax (SS) theory, quantifying urban formyeha
received attention as factors influencing the gpalistribution of pedestrian counts. Desyllasle(2003),
Araya et al. (2005), Ozbil et al. (2015), Shimizua¢ (2019), and Kaneda et al. (2020) confirmed th
involvement of the SS theory in the spatial disttiln of the number of pedestrians as a factorrbau
form.

However, in the above research, when investigafiadestrian count distribution factors, models that
compute predictions using the least-squares metikedjnear and log—log models, are employed. éitgh
models using the least-squares method have thditeihgimple extraction of the factor structurbey have
the drawback that the pedestrians’ number, whitheéshumber of counts, is not always normally disted
and is vulnerable to a singular value, making itamegful to investigate the generalised linear nhode
(GLM) that employs the maximum likelihood methodheTstudy by Stavroulaki et al. (2019) revealed that
the negative binomial regression model is bettan thlinear model when pedestrians are the stsdyifect.

In this study, mobile phone location data, whicl eount data, are employed as an indicator of pla¢ad
distribution of the number of pedestrians, andfdetors influencing the spatial distribution of psttian
counts are the street attribute factor, facilityanity factor, traffic accessibility factor, andetintegration
value obtained from the segment angular analysiSSntheory as the urban area form factor. Model
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equations are selected by employing a linear maddl a negative binomial regression model. The two
models will then be compared to investigate théofaccontributing to the spatial distribution o&thumber

of pedestrians in the Sakae Station area of Na@itgaand to examine the applicability of the negati
binomial regression model.

2.1 Study Area

Nagoya City, with a population of approximately Z@8llion, has two major commercial and business
clusters: the Nagoya Station and Sakae Station @heaSakae Station area as a study target is hd &fea,
including Nishiki, Izumi, Sakae 3-Chome, and Sak&k€home, based on the “Sakae Area Urban
Development Project” of Nagoya City (Fig. 1).

N

A

@ Building main use

- Retail

Restaurant

Office
P Residential

Other

Hisaya-odori Park
Q) Nishiki
. - \ @ ) Sakae 3 chome
©) Tzumi

) Sakae 4 chome

* Sakae station

Fig. 1: Distribution of streets and building useshie Sakae Station area

2.2 Mobile Phone Location Data

In this study, the number of pedestrians was gesrrom the KDDI Location Analyzer's primary
movement line data (KLA). KDDI, a Japanese mobitene service company, uses GPS location data
obtained from its smartphone users to make expaesdiates using the official population statistitee
period from April 1, 2020, to March 31, 2021, was as the collection period, the data coveredithe of

day for the aggregation unit from 5:00 to 29:0@ #ge of users was 20 years or older, and walkagythe
means of movement.

In the study area, the number of street links widestrian number data is 332 because there are stozgt
links where the number of pedestrians cannot baimdd. The average daily value for each weekday is
visualised on a map using GIS for the collectecadaboking at the spatial distribution of the numbé
pedestrians on weekdays and holidays (Fig. 2)mtAgimum numbers of pedestrians in the street link o
Sakae Station on weekdays and holidays are 709@&81 respectively. Furthermore, it can be cordaim
that the number of pedestrians in the Nishiki r@adecreased on holidays compared to that on ledewge

The histogram of the number of pedestrians and amrstatistics on weekdays and holidays (Fig. 3)
indicates that the maximum number of pedestriartsigher on holidays than on weekdays, whereas the
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minimum number of pedestrians is higher on weekdhgs on holidays. The dispersion is larger on
holidays than on weekdays, and it can be discovitratdthe pedestrians’ distribution is more conceatl
on holidays than on weekdays.

Weekday ‘.!. | \———] ) Holiday \"'"t {‘ = —\
| B >~[Ai__._.\
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Fig. 2: Spatial distribution of pedestrians (pergday)
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Fig. 3: Histogram of the number of pedestrians sinmdmary statistics (persons/day)

3 CANDIDATE EXPLANATORY VARIABLES

In this study, the number of pedestrians was engulogs the objective variable, and 13 variables were
created as candidate explanatory variables (Tgblé/é& classified them into four groups of factsBeet
attribute factor (three variables), facility volurland use) factor (six variables), space confitjanafactor
(two variables), and transportation accessibibigtor (two variables).
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When computing the floor-area ratio by land usegnvh street has a median strip, the floor-area oditbne
adjacent side block of the street is used as uandlwhen there is no median strip, the averagieofioor-
area ratio of both adjacent side blocks of theesfseused.

In this study, (D2) distance to Sakae (m) is lapanically transformed for analysis using the linear
regression model and negative binomial regressioten

sign Variable name Overview Data source

Number of pedestriang KDDI location

Y1 . . nalyzer's
(neckda) e et < Grmary
Number of pedestrians P movement  ling
Y4 ]
(holiday) data
’ Has no sidewalk: 0, Has
Al Sidewalk dummy sidewalk: 1 Nagoya City road

certification map
Street attribute (A)| A2 Street width (m) Total width of the road

Has no subway entrance: 0, H

A
subway entrance: 1 Boogle maps

A3 Subway entrance dumm

B1 Floor-area ratio of retail All-floor area of retidilock area

B2 Floor-area ratio of All-floor area of restaurant/block areg
restaurant

B3 Floor-area ratio of office§  All-floor area of ofis/block area Nagoya City

planning basig
Floor-area ratio of survey data

Facility ~ volume
factors (B)

B4 . - All-floor area of residential/block areg
Candidate residential
factor Floor-area ratio of firstq
variables B5 First-floor area of retail/block area

floor ratio

B6 Eloor-area ratio of the First-floor area of restaurant/block ar¢a
first-floor restaurant

Integrated value (R 9 Integrated value by segment angular

c1 400 m) analysis with a radius of 400 m
Space
configuration Calculation by
factors (C DepthmapX
© c2 Integrated valug Integrated value by segment angular P P
(R=1200 m) analysis with a radius of 1200 m
Distance to the nearey Shortest route distance to the nearest
. D1 . ; ]

Transportation station station Calculation by the
accessibility shortest path o
factors (D) D2 Distance from Saka{ Shortest route distance to Saka€GIS

Station (m) Station

Table 1: Objective variables and candidate factoiables employed in the analysis

3.1 Floor-Area Ratio

We employed data from the Nagoya City Basic Urbéanmiing Assessment 2016, a survey of current
conditions by building use data, to compute therflarea ratio of the candidate factor variablesleygul in
this research. We extracted data for four categonamely, retail, restaurant, office, and residénand
computed the floor-area ratio for each use in ddobk in the Sakae Station area after calculatiegftoor
area for each use.

Fig. 4 reveals that the maximum floor-area ratio rigtail is 800% blocks with more than 50% flooear
ratio are concentrated in the Sakae 3-Chome ateamBximum floor-area ratio for the restaurantli83o,
and blocks with more than 50% floor-area ratio @ecentrated in the Nishiki area and northern pftihe
Sakae 3-Chome and 4-Chome areas. The maximumdtearratio for office is 790%, and several blocks
have more than 100% floor-area ratio, blocks wightloor-area ratio for office are concentrate@amgunk
roads. The maximum floor-area ratio for residenta27%, and blocks with more than 50% floor-awd
are concentrated in the Sakae 4-Chome area.
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Fig. 4: Floor-area ratio by use

3.2 Space Configuration Index Using Segment Angular Arlgsis

This study employed the integration value obtaifnech the segment angular analysis of the SS thasithe
space configuration index. The SS theory is a apatialysis approach that focuses on the topolbgiuz
geometric relationships of space and uses infoomatin the physical shape of space to quantitatiasbess

spatial connections and their relationship to hurparception and behaviour (Hillier et.al. 1993; lidil
1996).

We established a segment map of the Sakae Statianuaing base map information from the Geospatial
Information Authority of Japan. A buffer zone ofesv1200 m was placed around the periphery of the
research area when plotting the segment map byidaingy edge effects. As for the space configuratio
index, we used the integration value from the U@ptd map’s segment angular analysis.

When conducting the segment angular analysis, fypegithe analysis area to meet the purpose isilgless

and this area is called the radius. In this stimy, types of radius were examined: 400 m (neighihood)
and 1200 m (wide area).

The analysis findings’ spatial distribution (Fig.depicts that the integration value of the intetisa is high
at a radius of 400 m, but this can be ascribetdshort radial streets around the intersection.

At radius = 1200 m, the integration value of sidntthe Sakae Station area is substantial, wikitlecause
the streets in the Sakae Station area are grid-plan

REAL CORP 2022 Proceedings/Tagungsband ISBN 978-3-9504945-1-8. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, E
14-16 November 2022 — https://www.corp.at  P. ELISEI, C.BEYER, J. RYSER



Analysis of Factors for Pedestrians’ Spatial Diition in Sakae District of Nagoya Using Mobile Rbd_ocation Data

rom

; P

750 m

~ 1500 m

'a / Sakae area
il | x ) *
F W Sakae station

Fig. 5: Integration value by segment angular arnglys

4 ANALYSIS OF FACTORS
4.1 Statistical Model

4.1.1 Linear model
The calculation formula for the linear model is fhkowing:
Yi =B, + Zﬁjxij + Zﬁjxij +Zﬁj‘¥ij +ZBJ-3”~XU'
JEA jEB jel jED
In the linear model, the least-squares method, wiéduces the sum of squares of the residualseid for
the solution.

4.1.2 The negative binomial regression model

In this study, the pedestrian data employed weuatcdata. Because count data do not take negaiivey,
they lack normal distribution and do not frequergbtisfy homoskedasticity. In this study, a GLM was
considered in analyzing count data. As mentionelieeathe pedestrian counts’ variance is gredtantthe
mean on both weekdays and holidays. In this camgative binomial regression analysis in GLM shded
taken.
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The objective variable; for streets (number of pedestrians on the strdds assumed to have a negative
binomial distribution in a negative binomial rege® analysis. The calculation formula for the riega
binomial regression model is the following:

T'(k+8) ( 8 )‘9( I, )’f

Pr (¥, =) = Tk +)\u, +6/ \u +8

The expected valyg is predicted using the following equation:
In(u) =Bo+XicalBiXiy + XiesBiXiy + Ziec BiXyy + Xien Byln Xy

whereg, denotes a constarf, denotes a partial regression coefficient, gndenotes a factor variable.

The GLM attempts to maximize the log-likelihoodngthe maximum likelihood approach.

4.2 Mean Standardized Partial Differential Value

To compare the strength of each factor in the fimaadel, standard partial regression coefficients a
frequently employed. The standard partial regressaefficient is computed using (marginal increissthe
z-score ofy)/(marginal increase in the z-scorexgf and is understood as the slope between standdrdiz
variables, i.e., the partial differential coeffiote Therefore, the standard partial regression fioderft is
employed in the case of the linear model, but endhse of the nonlinear model, the partial derreatif y
depends on eac!, so the case where eaghs an average value may be illustrated. In thisystthe mean
standardized partial differential value is usedaasindicator to compare the model equations’ factor
intensities (Kaneda et al. 2022).

Given a linear modeln y = S, + B,x; + f, Inx,, where y and, are logarithmically transformed, because
y = efo . gf1¥1 . x_B2 the partial derivative of for x, is

;Xi o eﬁo . (englxl}‘ . ;‘_-2.'92

= ]81 . eﬁo . eﬁlxl . ;[2.'92_

Here, the partial differential equati(@ﬂ*) ;—" modified using the standard deviationxgfandy is called

Dy, Xy
the standardized partial differential equation. 8ese the value depends on esghthe value when the
average value is substituted for each is calledxthgean standardized partial differentiation caidéiit

MSPDV forx;.
.S'Dxl) ay
§D, ) 0x,

Note that the MSPDV fox, is

(snJC ) ay
SDy J 9x

SDXL) —
= . .abo . pPL¥1  7B2
ﬁ e e X
(SD}, ! 2

x=x; foralli

= (B22). g, . efo . efrFr . g Fo1
5Dy, 2 2
¥

x=x; foralli

4.3 Analysis of Results

The correlations between candidate factor variafidesan absolute value of 0.7 or above for (BY)rfarea
ratio of restaurant and (B6) floor-area ratio oEtffloor restaurant (0.714), (C1) integration wal(R =
400 m), and (C2) integration value (R = 1200 m}j4G).

The variance inflation factor (VIF) between eachdidate factor variable is computed to investigate
multicollinearity. Because combinations of candedfaictor variables with a VIF greater than 2 aspseted
of multicollinearity, only one of the candidate taccvariables is included in the factor analysis.

In the case of (B2) floor-area ratio of restaurant (B6) floor-area ratio of first-floor restaurafMIF:
2.037), we used (B6) floor-area ratio of first-ftogestaurant and excluded (B2) floor-area ratiothef
restaurant because the pedestrians in this stedynare likely to be influenced by floor-area ratiofirst-
floor restaurant than floor-area ratio of the restat. Additionally, as for (C1) integration val(iR = 400
m) and (C2) integration value (R = 1200 m) (VIR236), we used (C2) integration value (R = 1200 ng a
excluded (C1) integration value (R = 400 m) becahsecorrelation coefficient between (C2) integmati
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value (R = 1200 m) (weekday: 0.525, holiday: 0.444) pedestrians is greater than (C1) integratédnev
(R =400 m) (weekday: 0.377, holiday: 0.342).

For each number of pedestrians on weekdays andalysli linear and negative binomial regression ngodel
were analyzed using the candidate factor variadiftes exclusion. In model selection, the stepwiagable
increase and decrease approach was employed ¢ thelenodel with the minimum AIC.

Weekday Holiday
N =332 Partial Standard P value Partial Standard P value
regression partial regression partial
coefficient regression coefficient regression
coefficient coefficient
Constant 7639.580 7135.664
(A2) Street width (m) -10.024 -0.118 0.011 -9.408 0.088 0.096
(A3) Subway entrance dummy 819.531 0.222 0.00 1076.495 0.230  0.00
(B1) Floor-area ratio of retail 1.616 0.247 0.000 3.13p 0379  0.0p0
(B3) Floor-area ratio of office -0.927 -0.107, 0.011
(C2) Integration value (R = 1200 m) 3.004 0.260 0.00( 3.01p2 0.206 0.0p0
In (D2) Distance from Sakae (m) -1085.455 -0.494 0.000 -997.745 -0.359 0.000
AlC 5257.546 5493.301
R 0.808 0.743
MAPE 41.261 64.95
Table 2: Result of the analysis of factors for thenber of pedestrians on weekdays and holidays @slimgar model.
Weekday Holiday
N =332 Partial Mean P value Partial Mean P value
regression standardized regression standardized
coefficient partial coefficient partial differential
differential value value
Constant 9.840 8.75
(A1) Sidewalk dummy 0.199 0.068 0.078 0.3B3 0.059 .030
(A2) Street width (m) —-0.012 -0.136 0.000 -0.016 -0.123 0.00d
(A3) Subway entrance dummy 0.1%8 0.048 0.049 0.363 0.088 0.003
(B1) Floor-area ratio of retail 0.001 0.216 0.000 0.002 0.277 0.000
(B3) Floor-area ratio of office 0.00D 0.063 0.013
(B4) Floor-area ratio of residential -0.001 -0.068 0.028 -0.002 -0.08§ 0.00p
(B6) Floor-area ratio of first-floof 0.005 0.071 0.005 A
restaurant 0.005 0.061 0.033
(C2) Integration value (R = 1200 m) 0.003 0.277 0.000 0.004 0.284 0.0Q0
- —AEd Z
In (D2) Distance from Sakae (m) 0.593 ~0.218 0.000 ~0.434 0.144 0.000
AlC 5001.229 5182.148
R 0.785 0.656
MAPE 40.915 63.310

Table 3: Result of the analysis of factors for thenber of pedestrians on weekdays and holidays un&ggtive binomial regression.

Therefore, in linear model analysis, a five-vargaflodel for weekdays and a six-variable model @hidays
were chosen (Table 2). The variables adopted invibekday model were on the order of increasinglateso
value of the standard partial regression coefficiém (D2) distance from Sakae (m) (standard phartia
regression coefficient: —0.494), (C2) integratiaiune (R = 1200 m) (0.260), (B1) floor-area ratiorefail
(0.247), (A3) subway entrance dummy (0.222), an2)) @treet width (m) (-0.118).

In the holiday model, the following parameters wased on the order of increasing absolute valuthef
standard partial regression coefficient: (B1) flaoea ratio of retail (0.379), In (D2) distancenfr®akae (m)
(-0.359), (A3) subway entrance dummy (0.230), (D®gration value (R = 1200 m) (0.206), (B3) floor-
area ratio of office (-0.107), and (A2) street Wi¢in) (-0.0880).

Therefore, in negative binomial regression modelyais, a nine-variable model for weekdays andighte
variable model for holidays was selected (TableTB)e variables used in the weekday model were en th
order of increasing absolute value of the meandstatized partial differential value: (C2) integoativalue

(R =1200 m) (partial derivative: 0.277), In (D2¥tdnce from Sakae (-0.218), (B1) floor-area raficetail
(0.216), (A2) street width (m) (-0.136), and (BB)dr-area ratio of first-floor restaurant (0.071).
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In the holiday model, the following parameters wased on the order of increasing absolute valuthef
standardised patrtial differential value: (C2) imtpn value (R = 1200 m) (0.284), (B1) floor-aratio of

retail (0.277), In (D2) distance from Sakae (—0)1442) street width (m) (-0.123), and (B4) floara ratio
of residential (—0.088).

Both in the linear and negative binomial regressioodels, (C2) integration value (R = 1200 m) was
adopted at 1% importance in both weekday and hpllzenarios, proposing the integration value'’s
effectiveness as a space configuration factor éoleptrians in this study.

Linear regression Negative binomial regression
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& &
= = 4
= ) £ 5000 .
o A o - v 4 ®
5 3000 " o M. °
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o 5 0
o 3 : 400( , 3
& 00 0 2000 4000 6000 8000 S 0 2000 4000 6000 8000
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Fig. 6: Scatterplot of the predicted and actualealof the weekday model (R = 0.808, R = 0,785).
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Fig. 7: Scatterplot of the predicted and actualiesalof the holiday model (R = 0.743, R = 0.656).

Because negative binomial regression cannot confpyjteve used two indicators for the comparisonhef t
two models: the mean absolute percent error (MA&T1E) the correlation coefficient between predicted a
actual values.

The calculation formula for MAPE is

_100% . |vi— Y|
MAPE = — zml -

By comparing the linear model's findings with thoe€ the negative binomial regression model, we
discovered that the correlation coefficient betw@eedicted and actual values was better for thealin
model (weekday: 0.808, holiday: 0.743), but the NEARas better for the negative binomial distribution
model (weekday: 40.915, holiday: 63.310). The wegkaodel outperformed the holiday model, regardless
of whether it is a linear model or a negative biramegression

The scatterplot of the actual and predicted valliégs. 6 and 7) depicts that although the corrmefati
coefficient of the linear model was better for boibrmal and holiday, the predicted values of timedr
model had negative values. Additionally, when coragawith the negative binomial regression moded, th
linear model had a smaller predicted value, whigs wue to the least-squares method of minimisieg th
sum of squares of the residuals used to solvanbarlmodel.
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5 CONCLUSION

This study attempted to employ the mobile phonatioa data in the Sakae Station area as an indicto
the number of pedestrians and to investigate @& influencing the spatial distribution of thenmber of
pedestrians from four aspects: street attributéofagc facility volume factors, transportation acgib#ity
factors, and space configuration factors. In thayesis, the factor structures of the number of s on
weekdays and holidays were compared using linedr reegative binomial regression models, and the
following conclusions were obtained:

In the comparison of the AIC minimum model betwele linear model and negative binomial regression
model in the Sakae Station area, By comparing isteilstion of the predicted values and the MAPE, w
can see that the negative binomial distribution ehaglsuperior. The integration value (R = 1200)agated

by segment angular analysis as a city form indicatoposes its validity as a factor for pedestgannts in
both models.

Unlike linear models, to compare factor strengttisdach variable, negative binomial regression nsode
cannot use standard partial regression coefficiémthis study, we described with an example thatmean
standardised partial difference value using themufathe standardised partial difference (meandstah
partial difference) can be used to compare thengtheof each factor variable in a negative binomial
regression model.

The mean standardised partial differential valuetlie factor intensities adopted in the negativeotiial
regression model indicated that on weekdays, tiseffictor was the space configuration factor,gbeond
factor was the transportation accessibility factond the third factor was the facility volume fact@n
weekends and holidays, the first factor was theesganfiguration factor, the second factor wasféudity
volume factor, and the third factor was the tramsion accessibility factor. However, the findinglsthe
linear model depicted that the ranking of factdemsities was distinct from that of the negativeobiial
regression model: on weekdays, the first factor thastransportation accessibility factor, the secfactor
was the space configuration factor, and the thactar was the facility volume factor. On weekendd a
holidays, the first factor was the facility volurfator, the second factor was the transportaticessibility
factor, and the third factor was the street attglfactor.
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1 ABSTRACT

Access to urban clean and potable water has besmfothe major priorities, as cities pursue andk 4ee
achieve sustainable development goals worldwideb&ly, urban water insecurity is a threat facedHhsy
majority, however, residents of cities in the depaig world; particularly low income households &ne
most affected and are in severe despair. Notwitlgtg the abundance of surface and underground fres
water and also efforts by local governments to owpr urban water provision, urban clean water
accessibility remains a pipe dream for the majasityirban dwellers in the Democratic Republic oihGo
(DRC). Currently, very little is documented and wmoabout the levels of water service delivery and
coverage in DRC cities. Consequently, this papsesses water security, specifically focusing onstiae

of water supply and water management. A case stsbarch design was adopted to investigate thédéve
water supply in Lubumbashi the second largest icitghe DRC. The work also applied a quantitative
research approach and questionnaires were adm@dst® gather data on water availability, water
accessibility and other variables. A Survey Monk&s applied to gather data from four hundred aedesl
participants and the data was analysed using agétabaggregation and content analysis. Findinggak
that inadequate access to clean and potable v&ateainly caused by shortages of the hydraulic nedsvo
within the population of the city and the ineffiotewater distribution by the local government. Frdme
study it is also evident that low income househdéit® severe water stress since they totally ralyhe
municipality water provision and cannot afford tavh boreholes. Furthermore, it is clear that honisish
with no pipes in their yards have to walk to thedighbouring houses to have access to clean witter.
study also highlights that the city of Lubumbashiunder severe urban water distress and is far from
achieving sustainable development goals relatedciess to clean water for all. In conclusion, it is
recommended that an adequate inclusive planningaameéthodological approach at the municipality leve
must be adopted and implemented as a matter oheyge order to achieve efficient and adequate wate
provisions to its residents. There is also needrtanote awareness in order to improve water sgcast
efforts are made to provide viable suggestions whidurn improve water provision in the city andmote
and achieve sustainable urban development in thé iDRhe city of Lubumbashi. . The study identifiaaid
assessed the undesirable access conditions towétanby the households.

Keywords: Water Security, Urban Water, Sustaindideelopment, Lubumbashi, Democratic Republic of
Congo.

2 INTRODUCTION

Urban water provision and management has been yairenense and difficult task for governments,
particularly local authorities in urban centreslefeloping countries with limited resources; siaceessing
safe drinking-water is not only indispensable feople’s health but also a basic human right, el@rsl
government has to play a key role in the supply madiagement of drinking (World Health Organization,
2017). Water scarcity the world is experiencing aisserious threat that hinders the human-health
development and socio-economic progress (world @oanforum, 2019). Even though the matter about the
quality, quantity and accessibility of water is ngeneral as it has been argued that about 4 bitifaihe
world population suffer from water shortage (Mekenr& Hoekstra, 2016); (Kummu, et al., 2016), these
issues are to become even tragic because of tiekirmpease of urban population, climate change taed
ageing and deterioration of the water equipmenin{iw, et al., 2016); (Gosling & Arnell, 2016); (High
Level Panel on Water, 2018). Rapid urbanisationdvade has significant impact on the service deinas
well as on water resources. In this paper the robjective was to examine and assess water sequiribe

city of Lubumbashi, in order to find out whetheethity is doing well in terms of water security tha
demonstrates an implication toward sustainable rudmvelopment. To come to this, we have selected a
number of factors to assess water security suerages availability, running water frequency, watigility,
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water accessibility. The study is structured inftiiwing way: Firstly, a summarised backgroundatithe
subject is presented and we introduce the city Wifumbashi which is the area of study especialljr wit
concern on its availability of water within and gsrrounding area at the provincial and nationaklle
Secondly, we give a brief a literature review ontewansecurity. Thirdly, we present the method used
collect the data in Lubumbashi and the system weaasinalyse the data. Fourth, the results of iheey of
the 411 households collected in the study area atenaccessibility, water quality, water frequenagter
mode of collection are presented. Finally, we disdhe result obtained in the context of water gonion,
water accessibility, and water quality and propss®e recommendations.

3 CONCEPTUAL SYNOPSIS

Urban water insecurity may be defined as the incijp#o acquire but also to benefit from safe, oleand
sufficient water for a better life and good-hedlibpson, et al., 2017).

The surging concept of water security amplifies sigificance of the urban water management narrati
(Baker, 2012). Water security may be defined astsy access to good quality and acceptable quaftit
drinkable water in order to increase and promotedgoealth, healthy ecosystem and production (Grey &
Sadoff, 2007). Water security as part of the Soatade Development Goals, falls under three majpeés:
social, economic and environmental (Giddings, et 2002). Each and every aspect of water secusity i
needed to be assessed in order to achieve susliainafd security. For ages water security usetidamne

of the major rural area threats. However reseaashshown that it is also a serious issue for udveilers

as the quality and availability of adequate watethreatened (Maiti & Agrawal, 2005); (Mohan, et al
2011); (Cook & Bakker, 2012); (Mukherjee, et aD22). Hence, our study focuses on urban waterisgcu
According to the (United Nations Environment Pragnae, 2022) report, in Africa, Latin-America and the
continent of Asia about one-third of their rivergperience extreme pollution from pathogens; neas- on
seventh of all their rivers suffer from drastic anic pollution; and salinity pollution ranging fromoderate

to severe is found in almost one-tenth of theiersv Yet these are places around the world wheopl@e
depend directly on rivers for their living and wasaurce. Such polluted rivers put people’s heatthigh
risk and make water security in the Global Southstjonable. The same report argues that worldvéde,
significant cause of death and disability is linkedwaterborne diseases caused by the contamination
bacteria and viruses. On the other hand, the melxemerging pollutants which are not simple to elate
from wastewater even when using new treatment tdobgy are aggravating the situation. Worldwide, evat
demand is expected to escalate as a result of liraagthropogenic climate change effects of global
warming, change in rain fall pattern and intensificn of storms (Bhaswati & Rajib, 2019). Despite fact
that many people are going to be affected by themaisis, the worse affected group will be thergnaal
populations especially in the Global South becalisg depend on municipality water provision ana alse

to their little resources (Habeeb, et al., 2019).

The urban global population was only 30% in thes)3his number has increased to 50% by 2007 (UN,
2015). According to the United Nations DepartmeinEconomic and Social Affairs, 2019 report on world
urbanisation about two third or 62% of the worldoplation will be urbanised by 2050 and developing
countries will experience the fastest urbanisa(joN-Habitat, 2020); (Cohen, 2006). Mostly, the thpi
urbanisation rate does not correspond to the gaowentis capacity to respond to issues related tdeigaate
water and sanitation (Narain, et al., 2013); (Vaés al., 2007). On the other hand, climate chaisge
increasing the already existing pressure on urbatemsupply, due to the way the rising sea levaddeto
flooding threat (Hallegatte, et al., 2013); (vareueren, et al., 2012), but also by amplifying andlgmging
the draught occurrence (Isler, et al., 2010). Rinate of the major contributions to the water oatg is the
unequal distribution of resources and the inadequatter legislation (UNDP, 2006); (UNESCO; World
Water Assessment Programme, 2006); (Porcher & #su2619). This has been predominant in most ef th
developing countries and the DRC is not spared.

4 RESEARCH METHODOLOGY

4.1 Case Study Research Design

Our methodology is built on two main research styas. On the one hand, there is the inductive-ecapi
method based on direct observations, and, on ther dtand, there is the hypothetic-deductive method
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guiding our survey and inquiry process, from praliany questionings. As indicated above, our
methodology is built around documentary researamngolting works and documents), internet research,
gquantitative and qualitative surveys; results efsbrveys and gathered data processing.

4.2 Area of study

Lubumbashi is the capital of the rich province affHKatanga, the second largest city in the Dentaxra
Republic of the Congo with 1.7 million inhabitantsjbumbashi is situated along the mining regiorthef
copper belt. The mining industries have long béernbiackbones of the local economy.

In fact, the Democratic Republic of Congo is a ¢éacguntry which covers 40% over the 70% of frestewa

of the continent of Africa and its 50% of forest Adrica contribute to a significant hydrologic cgcl
regulation. However, less than 50 % of the Congolespulation have access to clean water. This is a
paradox for a Congolese citizen who settles inumtyg with 11 lakes; rivers and sea but suffer fralmsence

of clean water (Martial, 2015).

P
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3

Map 1: Congo drainage Basin (UNEP, 2011)

The DRC in general, and the city of Lubumbashi @rtipular possess an adequate and sufficient
hydrographic network that is very dense and waltridiuted over its territories. The 11 lakes coabout
86080 square Kilometre or 3, 5% of the country'&lt@rea. When it comes to its streams, the DRC
possesses the longest, powerful Congo River fromhwits name "CONGO” derives. This river is thiest

in Africa and the second in the world after the Zorain Brazil in term of its basin area. The Comjeer
discharges about 40 000 cubic metre per secondg@t3d) and its basin occupies about 3 882 000-kitcen
square (Martial, 2015). It is also the second ircaf after the Nile in terms of its length whichaisout 4700
kilometres. Besides the running from the streaims,DRC possesses an important amount of ground wate
that is used through boreholes. The country hasn@nmous water reserve; however, it presents auseri
difficulty to provide clean and drinkable waterit® citizens.

4.3 Field Survey

For this analysis, we have focused on the dirastest) enabling us to understand the city and thierdity in

the population water consumptions better. This egghn allowed us to discover aspects that were not
covered by official investigations and were notrfduin statistics. These mainly include the spatial
distribution of investigations, the relations beémdghem, and the collective and specific water gomion,
water distribution, and domestic water collectidherefore, we resorted to direct observation, vikevs
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and surveys, in order to understand the problerarb&n water security in Lubumbashi better, within a
sustainable development context.
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Map 2: Lubumbashi River Bassin (Muhaya, et al., 2017)

4.4 Size and choice of the sample

The size of the referred sample was basically ssleaccording to the representativeness of indisaind
accuracy, while maintaining the investigation witlieasonable time limits and our possibilities. §;hine
chosen sample was providing representative indisdto all the municipalities of the city.

In fact, given the real difficulties to proceed awoddivide the city into homogeneous sectors, sthey do
not exist, a simple random method was applied, withrge sample with great dispersion, a methoahvhi
allowed us to have good household estimators.

By this method, we have chosen a 411-householdlsammumber that we could not restrict nor fixcein

the survey questionnaire was sent to different lgeeyhich shared it with their relatives. We combed
through more than 50 responses per municipality ddncerned households have not been pre-selected.
More than this, no preliminary selection critertwas been imagined. We have simply relied on the\gdlo

and availability but also the internet possessioth® respondents since this was an online quesios via

a link. This has considered the reluctance, evestiltty of certain people to respond to our quassio
However, we have tried to respect the quota of &looisls to be surveyed by municipality area.

4.5 Data processing

We proceeded at the same time to conceptual asas/édl quantitative treatment. The first consistednly

of the description and location of observed factd data gathered on the field. The description kak
around keywords and previously defined conceptswafeted this description to be precise and schemati
in order to reach a thorough and methodical expilamaf the causes and the effects of phenomereates

on the field. The latter allowed us to gather thé&-4urvey household. Thus, our processing concettéd
surveys. It was carried out by means of a freeimeref the survey monkey software and the data were
processed and analysed with Microsoft Excel.

5 RESULTS PRESENTATIONS AND DISCUSSIONS

The results of the survey are organised and predamxt, with the following items: surveyed houddho
distribution over municipalities; household resigeanalysis (number of people per household); type
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water source per household (tap water, well, bdeshoinside and outside tap water analysis; hanldsh
serviced per outside tap; distance walked to wsderce, water consumption per household per ddysisia
cost of water analysis, frequency of water and watelity analysis. The following are the findingad

results of the 411 surveyed household’s data.

Data were collected in all six municipalities ofdumbashi. Out of the total number of 411 resporgjent
21% were from the Lubumbashi Municipality, 19% frahe Kamalondo Municipality, 14% from Kenya
municipality, 15% from the Katuba Municipality, 13%©m Rwashi municipality and 18% from Annexe
Municipality. Thus, the data were selected fromeadiund the city.

In terms of the number of people per householda# been proved that 31% of household in Lubumbashi
have 1 to 3 people, 22% have 3 to 5 people, 31% #Adw 7 people and 13 % have more than 7 peopls. T
data helped to identify and assess the numbetres lof water used per household, hence per peesoday.

It is not an easy endeavour to have adequate averagber of people per household since the populéi
very nomad in the DRC and in Lubumbashi particylant also due to lack or absent of demographia dat
(African development fund, 2017).

5.1 Types of water sources

Water provision par househald waler prowvision type
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Figure 1.a. fype of walsr source rgure 1. b water provizion type as percentog?

From Figure 1.a and 1.b, people in Lubumbashi lgeir twater from different types of sources. 53% of
households get their clean water from the Munidypahrough the only public company that provideteva

to the city (REGIDESO); 23% of households get toan water from the boreholes that they haveliest

in their yards and use big thanks to keep enougbrm@% of households have individual wells in theirds
that they use for domestic usage but then get &iprvirom their neighbours for drinking. 2% havdlsven
their yards that they share with others, 18% ofsebolds have both tap water and a well. This préavais
people don't entirely rely on the water provisi@nsgce from the municipality, so they must find Hrey
way of getting water. From all the above, the dibgsn’'t have adequate and reliable water servimégion

as people have to have boreholes and wells in yaids so that they do not totally depend on the
municipality.

5.2 Location of water sources

Figures 2.a and 2.b represent the number of holdsekath water from a piped supply whether from the
municipality or from the internal borehole but tta is installed outside the house. 94% of all bbokls
having tap water don't have it necessarily in th@uses but just outside and only 6% of househuide
taps inside their homes. This is to justify tha¢@uhte sanitation is jeopardised since water isuroting in
the house. The households with outside taps hawa just for themselves but also to help the comitguo
get water from them, however, at a certain cost.

It is also found that 60 % of households with aigsiaps provide water to 1 to 5 other household</2
provide water to 6 to 10 households, while 5% ptewvater to 10 to 15 households, 2% provide watébt

to 20 households, 1% provide water to 20 to 25 dloolsls, and 5% provide water to more than 25
households every day. This is the proof that mamyskholds, although claiming that they have taperyat
they just have access to tap water from their neighs.
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outside tap analysis Exterior tap analysis
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Figure 2.a. Outside-inside tap analysis Figure 2.b. % of households with outside and inside tap
5.3 Distance of water sources
Distance walked to a Distance walked to get tap water
neighbouring tap for water more than

3448 R
i 1%

Figure 3. a. distance walked by householdto o tap.  Figure 3. b. percentage of household walk to o tap.

From the above figure, it is shown that about 73%auseholds surveyed walk a distance less thattbkm
get their water from a tap, about 17% walk frono 2 tkm, 9% walk from 2 to 3 km, 5% walk from 3 tknd
and 0, 5% walk more than 5 km to get their tap wdtecan be observed that most household residarts
getting their drinking water from outside their gathis is the proof that they don’t have tap watetheir
yards.

5.4 Water consumption

The above figures show that 19% of the surveyedwoe less than 20 liters a day, 36% consume 20 to 4
litres a day, 12% consume 40 to 60 litres, 11% wores60 to 80 litres a day, 12 % consume 80 to it@0d

day, 3% consume 100 to 140 litre a day, only 1%suore 140 to 180 litre a day, 4% consume 180 to 200
litre a day and 2% consume more than 200 litreaya bh 2010 the United Nations adopted a resolution
make drinking water, proper sanitation, and hygiarremiman right (United Nations, 2010). In addititre
World Health Organisation suggested that adequatervconsumption per capita per day should be 50 to
100 litres in order to make certain that fundamlenégeds will be met (World Health Organization, 3P0
The WHO standard seems much higher compared to ish#ite current consumption in the city of
Lubumbashi. By analysing the number of people merskhold of the respondents, although these results
may possibly be carrying some errors. That can dmmalse of the fact that many respondents could not
estimate the amount of water they use since theyt geitdoor, but it can also be due to the facit tihey
responded on only how much water they drink instefidhow much they use for all their household
activities. However, the reality remains true ifopke do not have water in their house or their,glogir
daily consumption will obvious be reduced. Condittgla household that the highest water consumpsion
200 litres per household per day and that ther® ggeople per household, that means the per gagitday
usage is less that 50 litres, which is below thadsrd.
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Watar consummation per household Water usage as per household
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Figure 4. @, water consumption Figure 4. b, perceniage of water usage per household,

5.5 Water’s cost

Cest of water per househald per Water cost per houschaold inpercertage
montn
W1 pay 2 thing

m |ess than 105

Migure 5 @. water ccst per household per month Tigure 5. b. percentage of water cost per housenold

From these figures, it is clearly shown that 36%thef surveyed households pay less than $10 perhnfiont
their water consumption, 35% pay 10 to $20, 16% pRAyto $30, 9% pay nothing for their water
consumption and only 4% of households pay more %38.better to specify here that these paymerdgs a
either from the consumer directly to the municigyatir from the second consumer to the first consunie

is the client to the municipality; also, the 9%tloé surveyed households are probably those withhodes at
their house, since they have disconnected frommthmicipality pipe connections. However, it can abeo
seen that the price of water for all the housel®lgasonable, the current reality may be dueddaht that
households that do not have a tap inside theird®usll not use so much water, since most of tlotofa
that contribute to water consumption are discoretefitom the water pipes (Domene & Sauri, 2016).

5.6 maintenance and reliability

Tap water running frequency Tap water frequency in %

Figure 6. 0. rUnning water frequency Figure 6.b. running water freguency in percentage

As it can be observed that 54% of the surveyed dtmlds in Lubumbashi have their water running
frequently but that does not mean every day foh@4rs, 16% have tap running water rarely, only Tiéxe

tap running water every day in their homes, 9% heater only some days a week, 4% have water everyda
but at interrupted rate and for some hours in a ddys is a proof of poor water distribution and
consumption but also the proof of water insecurityhe city. This is one of the reasons why thieits of

REAL CORP 2022 Proceedings/Tagungsband ISBN 978-3-9504945-1-8. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, E
14-16 November 2022 — https://www.corp.at  P. ELISEI, C.BEYER, J. RYSER



Assessing Urban Water Security in the City of Lubasiti, Democratic Republic of Congo: a Quantitativalfsis

the city of Lubumbashi do not rely on the municifyalvater distribution, so they find their ways gstting
water from unprotected wells they make in theiidgar

Further results from the assessment on the qualiyater shows that: from the surveyed househaeldser
quality in the city of Lubumbashi should be quesdible since only 10% of households consider thatew
quality good, 36% find it satisfying, 27% use cheahé to have their water purified, it simply medhe
quality is not good for them, 24% boil their watemrmake it drinkable, also here they find their evatot of
good quality. and 4% clearly said the water quaditjust bad. The quality of water should be gamdatisfy
population needs and improve health. Accordindnéodefinition of water security by Subham, et@022),

it should be: the quantity of water that is avdidabnd enough, of good quality and always runnimg f
improved health, livelihoods, and ecosystem. Iis tléigard, considering the frequency at which water
running in Lubumbashi and the quality of it, thexcept of water security is far from being meanihgfu

5.7 Issues that are threatening water security

Although some meaningful advancement in severalailosnof sustainable development in the world are
made, meeting the SGDs that relate to water aridttrgets is still not certain to be successfuRBg0 nor

to be a reality of long-term sustainability by 2080N-Water, 2021). In order to be on track toward
sustainable accomplishments and to reverse theimedandency, high-priority actions and strongbglb
cooperation are required (UNEP, 2017). About 5lionilof the DRC population or almost three quahas

no access to clean, safe, and drinkable waterpwgth over half of the water reserves of the African
continent is hold by the DRC (UNEP, 2011).

The city of Lubumbashi (capital of the High-Katangaovince and mostly characterised by mining
companies), just as other cities in the countfacsng serious urban water poverty even though arossed
by many rivers. People suffer a lot in terms ofamrlwater availability. According to Martial, (2018)is
situation is due to the fact that the company tieatls with water in Lubumbashi (REGIESO) is nokdbl
provide the water needs to the population thatasving due to rural-urban migration. This phenonrers
becoming worse due to the ageing of the water ppelsother hydraulic network equipment, and this ha
been exacerbated by the informal residential areath and the decay of the urban water infrastmectu
Without any doubt these situations have been theecaf the urban water problems in Lubumbashi.

Water usage in the DRC and in Lubumbashi partiularcharacterised by domestic consumption which
represent about 52% of the total distributed wakéis is different if compared to other African ciries
where a huge quantity of water is first attributedagriculture usage. In the DRC due to high rdiirgfad
poor irrigation system, the agriculture sector usaly 32% while the industries utilise about 16%NEP,
2011).

Before the year 1990, the REGIDESO was considesedna of the most efficient and important public

institutions of the country and also one of thet e§Sub-Saharan Africa (UNEP, 2012). But nowadagst

of these urban water infrastructures are in a &y condition with no maintenance, not enough funds
allocated for their replacement or maintenance, modt of the equipment from the colonial era ageing
(UNEP, 2012).

In January 2016, the Congolese Government pronmedgatnew national law on water which was mainly
focused on how best to manage the water resourite inountry at the river basin level. This law tiady
brought some light to the country reform on the aggament of water as resource. However, it has not
demonstrated an adequate institutional consistenciilow well urban water can be improved in order to
improve good health and water security for thezeiis of the country (UNEP, 2016).

6 MAIN CONTRIBUTIONS — IMPLICATIONS — LESSONS LEARNT

The current study has used a quantity-based melbgpdof assessment to quantify urban water security
the city of Lubumbashi. The study identifies watesecure areas in the distribution and consumpbion
urban water in Lubumbashi. This quantitative apphostudy will undoubtedly help policy makers frohet
local and national government to plan well andaketappropriate approaches to provide adequate wate
service to the citizens; but it would also helpfatiént stakeholders to set objectives and milestdne
manage the local available water well, and anyuess related to social life to achieve sustainabb&n
water security.
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For any future work on water security in Lubumbasghé would have to focus interest at an individcle
in the collection of data, but also on the diffe@emf households in terms of their social standardktheir
area of residence.

From this study, we have learned that it is noy@agollect data from households especially whes done
remotely. Secondly, it is easy to have biased ifl#it@re is no proper explanation of the questigngiven to
the respondents. Also, the free versions of daleatimn and data analysis software are very lichiéad
unable to provide adequate features that are capalplerform large and accurate analysis.

Water management and water usage have an impficatiavater supply, but it will also have an impawt
economic and social activities necessary for pesglell-being. In the city of Lubumbashi for exarapthe
local water service provider (regideso) finds ftsglable to provide enough water to all the redislenf the
city because of some unacceptable behaviours oé stmens who sometimes brake pipes in order to ge
illegal water for 24 hours. This practice affects only the service provider but also some resgl@rttich

will not receive water because a lot of water impavasted somewhere else. Economically speakinge s
we cannot separate water usage from economic tesiviwater scarcity in the city compromises the
economic activities of the citizens at large, & tost vulnerable are the poor population. Big mames
have lost confidence in the municipality water psan and hence, they have found a way of havinggmwa
from the boreholds within their premises; howevbe small businesses and the lowest income houkehol
whose lives depend on small commerce activitieh siscselling cool water find their businesses hiede
due to lake of running water. Social implicatiome @resent and visible all over the city. More tf¢sh
percent of residents don’t have indoor taps; tloeegfsanitation is seriously compromised. This phenon

is the reason why people are not using their ingiilets but rather use toilets that are built @mésheir
houses at the back of their backyard. These typ&slets don’t use any water, they are calledditeilet or

pit latrine with no toilet seat but with a hole etitly leading to a pit that receives human faeedsch is
considered unimproved sanitation. In some casepl@aise a very limited quantity of water in alpttine
with a slab, where they use a container to flustewd hese outside pit latrines are all used byentban 3
households with more than 3 residents made up tdsnBemales, and children. This practice is onthef
main causes of infectious diseases, especiallyffeimales and children. The World Health Organization
(2018) argued that inadequate water, sanitatiod,gigiene is the cause of diarrhoea deaths whiddki
842 000 people in 2012. Moreover, the same sougeed that cholera which is another serious water,
sanitation and hygiene related disease remaingm@osién Africa. In the DRC, more precisely in theseof
Katanga Province, about 84% of its population dfected by cholera and diarrhoea. Adequate water,
sanitation and hygiene is crucial to prevent claldut its achievement remains very long term and
expensive in Congo, hence the World Health OrgéinisgWHO) has introduced the Oral Cholera Vaccine
(OCV) in Congo as a quick response to cholera. é&Swater source is at a certain distance for many
residences, drinking water becomes a blue diamonchéany households, hence water consumption per day
per person is very low which can inevitably leadrtany serious health issues; moreover, even thetitpua
and quality of water for other daily domestic ati®s such as laundry, dish washing, bathing iecéd
which can also lead to sanitation problems. Totadthis, most of the people going out to look fanking
water are women and children, and this class ofilaipn becomes therefore vulnerable to many tkreat
For example, girls will have to wait until it istéaand dark in the queue to get water, hence makiei
vulnerable for rape or other criminal attacks. Umsary, water insecurity in the city of Lubumbaghi
related to poverty, hence it is the cause of maamyitation problems and human health issues which
deteriorate the well-being of many citizens andgressure to other services such as the healtlsearee.

7 CONCLUSIONS AND RECOMMENDATIONS

The main purpose of the current study was to candwguantitative-based study to assess the urbé&ar wa
security in the city of Lubumbashi. The followingrelusion can be drawn from this study: firstly,tara
provision in the city of Lubumbashi is not secungl @adequate, since many factors such as some peatple
having tap water in their houses and others hatangalk far every day to collect water are verysam in

the city. Secondly, water frequency and water gyalie a very serious issue in the city which Ising to
conclude that the city of Lubumbashi is experiegcirban water insecurity and this phenomenon may
exacerbate due to high urbanisation that the sifgging.

For this reason, the following are the recommeidative can provide:
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» The city local government needs to consider all &muraspects of good living and plan well for
adequate provision of safe and healthy water.

* Rational policy, strong political dedication, adatpifunds, and profound implication by all the
stakeholders are fundamental obligations for swfakdelivery of drinking water to the citizens of
Lubumbashi.

e There is need to improve water supply infrastrietinat will help to boost the social well-being of
the citizens of the city.

« Green energy from solar panels must be used tddwalrinking water using solar water pump for
boreholes especially in the area where water axrality is not yet provided.

e The local government cannot safeguard water sgcaliine, it also needs to work in partnership
with the private sector to build a sustainable nrivater system and provide adequate service to the
citizens.

e There is a need to set up an assessment team oftt@e water provision and capable to hold any

stakeholder of the service accountable.
* Initiate an awaness compaign to promote water ggdar the local community is a must.
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1 ABSTRACT

Automated mobility (AM) involves the increased wdaligital information and communication technolegi
in all areas of traffic and mobility, particularip the vehicle and mobility sector, in the infrasture,
transportation and the management of mobility-eelgirocesses (pre-, on- and post-trip). To enfiatethe
potentials of AM, like higher efficiency and impliag accessibility, meet the demands and mobilityepas
of different types of people, especially vulnerates like kids and people with disabilities, ie&sential to
make children and young adults aware of this compled diverse topic already today. Therefore, pglagn
and development activities in the mobility sectbowd involve this future generation and considegirt
ideas and concerns.

Planning and development activities should be dmmed from a holistic and inclusive perspective,
considering a wide variety of traffic participantogps. In this context, the Austrian project AM4id
creates a direct interface between children anchgoadults and mobility planning. The scientists and
planners take the role of facilitators of knowledge accompany an inter and transdisciplinary, ifeiel
exchange between disciplines, such as transparhiplg, social science, mobility research, and acham
the inclusion sector. In the project, age-apprdéeriand gender-sensitive workshops, input lectusesl,
educational materials were developed and implerdelnyethe interdisciplinary consortium of socioldgis
transportation planners, landscape architects, engineers, software developers, and legal expertthe
needs of people with disabilities.

This paper presents the methods applied in thegponding project phases. Furthermore, a reflectmothe
achieved results and experiences from the acsvitigroject phases 1 and 2 is provided.

Keywords: role of planning, automated mobility,Idren, awareness, inclusion

2 INITIAL SITUATION OF THE PROJECT

Today’s children and juveniles will be tomorrow’saus and decision makers of automated mobility (AM)
In the set-up of the project AM4Kids, this comingngration gets in touch with various layers andiee of
mobility, especially in the context of AM. The pect provides them with an environment in which tbep
reflect on their mobility patterns and behavioud dearn about mobility demands,needs and situdtiona
requirements of various traffic participant groupbe aim is to raise awareness and sensitise ehildnd
juveniles on how AM and digitalisation fosters th®velopment of a more and more inclusive traffistem
which takes the demands and needs of people wstibilities into account. Furthermore, they shadirme
about non-intended and non-anticipated consequesfcA$/, that is, barriers and gaps in the system fo
those groups which participation requirements ateappropriately met.

For this purpose, children and juveniles will digeothe impact of AM from different perspectivepdsal
planning, transport planning, automotive enginaggrifandscape design, civil engineering, software
engineering). The chosen approach enhances cagribilities and creative thinking, both being highl
relevant in the context of the ongoing digitalisatand automatisation.

! Project consortium: B-NK GmbH (lead) and partiBtsWien, Verkehrssystemplanung; Universitét Wierstitut fiir
Soziologie and ZIS+P Verkehrsplanung.
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2.1 Automated mobility: disruptive development with a high potential for a more inclusive mobility
system

Some transporation modes like trains or ships kieady highly automatised. However, its applicatton
street-based transportation modes like cars is nmole complex due to a broad spectrum of different
situations, actors and the interaction with othehigles. The project AM4Kids focuses on the current
development of automated vehicles in road traffierther studies and projects have dealt with tipectof

AM, but mainly in the context of technology deveimgnt and the necessary road infrastructure. Some
studies, such as Hel3 and Polst (2017), discussattial impacts of AM by combining different perseha
everyday life and mobility patterns with new teclugical developments such as AM. Research often
adresses elderly or disabled people to be signifieser groups (Krail 2019; Lenz and Fraedrich 2015

Designing inclusive AM for different user groupepupposes their active participationin the devekpm
process, and taking their mobility behaviour angureements into account. AM is supposed to be aegam
changer in the transportation system, which doé¢®mly affect situational and infrastructural carshs but
also new business models and various ownership Isiode

2.2 Ensuring equal access to infrastructure cannot beaken for granted

An everyday life understanding often associates amidation processes with progress in science and
technology. From a social science perspective, kiewedhe core of modern society is the emergenca of
civil sphere, a kind of community based on citizeps Using the case of citizenship for the Negroe
American, Parsons (1965, p. 1015) argued thatsmhy that is, ‘[t]he process by which previouskgleided
groups attain full citizenship or membership in thecietal community [...], constitutes the ongoing
modernisation of modern society together with tiffekntiation of social structures and the plwation of
forms of life. Technological development, however,deeply enmeshed with issues of inclusion and
exclusion, sometimes in surprising ways. In hisvpoative papemDo Artifacts have Politics?Winner
(1989) pointed to practices of road-building anel social distribution of transportation modes ia 1#930s

in New York city to show how the poorer Black Anei population was inhibited from using the gensyou
modern parkways of Long Island: ‘Automobile-owniwdites of ‘upper’ and ‘comfortable middle classes’,
as he [i.e. New York city’s town planner Robert Msicalled them, would be free to use the parkviays
recreation and commuting. Poor people and blacks, marmally used public transit, were kept off tbads
because the twelve-foot tall buses could not geth the overpasses.’ (Winner, 1989, p. 123 sq.).

The relationships between technical structuressacdl inclusion and exclusion are not always itieerally
established and so evident as in the case desdop&tlinner. Infrastructure tends to be invisibled an
become a taken for granted part of everyday lifés Tight be one reason why traffic participatisraikey
arena for expressing issues of inclusion and eixalus

The challenges associated with digitalisation amtbraated mobility require a precise analysis and
consideration in terms of inclusion. On the onedhatomated mobility promises to open up oppotiesi
for various user groups. On the other hand, thera risk that new technologies will reinforce sbcia
inequalities in terms of the distribution of accesghe traffic system.

Often the transport systems lacks inclusive acdemsexample, a local train that people in whedlshean
use without steps may satisfy the criteria of asibdgy. However, inclusion requirements are nagtnf
wheelchair users do not find the same facilitiethatstation as passengers who do not use whealchai
practice, wheelchair users often do not have a tit# the one available to passengers withoubditas -

or the table is smaller, making it impossible torkvavith a laptop. Inclusion means that people with
disabilities have access to use the same tranfmlities as those without disabilities. Furthenmmothey
have the right to travel with their travel comparsavithout disabilities — and not separate fronrmthe

3 AUTOMATED MOBILITY IN THE AM4KIDS PROJECT

Focussing on inclusion and automated mobility, pheject AM4Kids deals with transport planning and
mobility research of tomorrow. The cooperation ¢gaare aimed at educators who want to work with
children and young people on future mobility issues
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Tomorrow’s mobility will look different from the an we know today. In recent years, mobility has
expanded to include several new mobility optionghsas e-scooters, bicycles, hoverboards etc. Hiowld
or will mobility, taking self-driving (autonomoushprs into account, develop?

Automated mobility (AM) describes the increased ofsmformation and communication technologies (JCT
not only in the vehicle sector itself but in aleas of transport and mobility, including infrasture and the
handling of mobility-related services (pre-, ondawost-trip). To adress automated mobility adedyatet
only autonomous driving itself must be considetad, also issues such as orientation and navigafibis.
includes searching for the best connection in aclvaf a trip (pre-trip), the choice of means ohgort and
orientation on the way (on-trip) and the evaluatibthe trip afterwards (post-trip).

To shape a sustainable and inclusive developmemtuttimated mobility, it is important to discusssthi
complex and multifaceted topic with children andiyg people already today. With the focus on inclosi
the aim is to understand how automation and digétbn enable and/or restrict mobility of peoplahw
disabilities.

To establish an inclusive mobility system for adople, guaranteeing a seamless mobility chain fioor to
door is key. In reality, many different mobility toiers exist which must be considered in all theirious
forms to make the mobility system more inclusiviefiefore, the involvement of people with disalahktin
the planning and implementation process is essentia

Automated mobility has the potential for indepertdembility of people with disabilities, given this
various offers address the concrete and diversgsrafgpeople with disabilities — pre-, on- and poigt

* It is essential that the pre-trip activities, egptaining information about the automated mobility
services, the ordering, booking and payment proeegabthe reservation of any necessary assistance
services, can be managed by people with disakild® independently as possible. The consistent
implementation of the multi-sense principle is meatody.

» Barrier-free access for people with disability ha$e ensured at all stages of the journey (on-trip
Starting with leaving one’s home, this refers toess to AM services, the (possible) stop, transfer,
equipment, information on and around the routegestar vehicle, the stay in the means of transport
itself (quality of stay and equipment) and ends nvgetting off near the destination as well as when
leaving for and arriving at the destination addré3ss also includes making automated mobility
services affordable. Moreover, the appropriate igion of the necessary information, applying the
multi-sense principle, during the journey has tocbasidered due to risks and challenges, such as
unplanned stops, and technical breakdowns, that ecayr while using the automated mobility
system.

* In the post-trip phase, people with disabilitiesperiences of using the automated mobility system
must be reflected, as well as any complaints toofherating company or, if necessary, parking the
vehicle and providing services for the vehicle (edaparging the battery, collecting luggage, etc.)
have to be considered.

* Ideally, inclusive planning and implementation afdr a broad variety of user groups (based on
‘Design for All' principles). It can be calculatemhd financed similarly to conventional systems
through economies of scale if widely rolled out astdndardised. However, suppose particular
technologies and requirements result in signifiganigher costs for an inclusive mobility offer. In
that case, funding from the public sector shouldliseussed to allocate funding in a socially and
fairly balanced way.

4 METHODOLOGY

Having said this, it is important to show childramd juveniles the enormous range of effects ofraated
mobility from the viewpoint of various interrelatgubrspectives (spatial planning, traffic planniaghicle
construction, landscape architecture, cultural megjiing, software engineering, etc.). This alsonutes the
cognitive ability of networked and creative thingjrwhich is very important in advancing digitalisatand
automation. In addition, the creative potentiatbildren and young people is stimulated in the sewf the
research project and the interactive methodologydi@n and young people work with different roleahels
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in other settings), so the requirements for a futautomated mobility system as well as innovative
approaches to solutions for sensible use of tecigyahre developed.

AMA4Kids looks at the past, present and future of &b children’s and young people’s the points iefn
Children and young people investigate how and fleonw traffic is — and is not — planned. Togethehveih
interdisciplinary team, they adressesd the follgnguestions: How do children and young people imagi
the mobility of tomorrow? What are their wishes angectations? What ideas do children and juveniles
have about automation and digitalisation in the ititglsector? And what should not happen?

If people with disabilities shall obtain the stabidull citizenship, they must also be involedt@chnology-
oriented and research-intensive developments. [ffierreason, six educational institutions (primand a
secondary levels 1 and 2 with children in the ageg from 5 to 19 years) have been selected bysiah-
related criteria; accordingly, their pupils, chéddrand juveniles, have a broad range of disalsilitie

4.1 Knowledge building about mobility and inclusion inschool contexts

With the help of role models, including people witisabilities, pupils have gained a first impreasid job

profiles that are little known, such as transpddnping, (rail) vehicle construction, spatial plamg

landscape architecture, cultural engineering am&oE engineering. In addition, children and yopegple
experience inclusion directly: people with disakdb (our role models) are an active part of sgchetd part
of the technology-oriented and research-intensiranounity.

Within AM4Kids, pupils slip into the role of mohiji experts. They reflect on their mobilities, thiakout
possible developments in AM, learn about mobiliégeds and develop scenarios for the future.

The project comprises the following activities (Aisg2020 — July 2023):

» Introductory activities, such as expert lectured arkshops, shall trigger curiosity about transpor
planning, mobility research and inclusion.

e By walks and spatial explorations, pupils analyse structural-spatial and transport infrastructures
of their school environment.

* In excursions and workshops, children and youngleelearn to understand technical objects from a
social science perspective. What consequencestiieekesign of infrastructures, software solutions
and vehicles have from the perspective of differeatl user groups?

e Transport planning methods such as surveying, cagrguestioning etc. are used.
* In-depth workshops that focus on automated motaligyheld.

e Pupils develop visions of the future and scenaftwsautomated mobility and discuss where the
opportunities, risks and consequences lie for tiebras and other groups of people.

« In a“Future Council” setting, children and yourgpple will present their work.

4.1.1 Children and juveniles as transportation systemnses
“Mobility sniffers” on the move (Part 1):

In the first part of the ‘Mobility sniffers’ modujeve developed activities for primary schools whiem be
used independently by the teachers. The focus poepts: what do terms like mobility or transpudde
denote? For this purpose, a mobility picture bood a poster on the characteristics of transportanecere
developed.

The pupils learn about different modes of mobility reflecting on their own and their family’s matyl
behaviour. Beforehand, the term mobility and theéhoés to measure mobility are introduced in an age-
appropriate way. In addition, mobility is a mediateetween the five basic activities: living, worgin
education, shopping and leisure (Sammer et al. 20@8ich can take place at different locations tigio
traffic and mobility. The method is a playful tréesof knowledge on transport and mobility.

“Mobility sniffers” on the move! (Part 2):

The second part of the ‘Mobility sniffers’deals wijetting acquainted with the school environmentiging
work tasks and first experiences by using trafficvey methods, traffic observations and trafficteys
analyses.
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Mobility diaries provide group-specific tasks. Bgwloping ‘research questions’ pupils learned jralty
that the type of task also requires a specific weflor collecting traffic data. Traffic data of thaffic offers
and demands of the users are the basis for anglysiffiic problems and developing proposals fousohs.
According to the questions, the pupils could comduaffic counts under the supervision of mobility
planners, observe certain street sections or putaitsport stops and take measurements (e.g. paveme
widths). In this activity, a first feedback procdssm research questions to survey methods talkees pl

In the school environment, conflicts relevant tafftc safety repeatedly occur due to parents’ iasieg
drop-off and pick-up traffic of pupils. A schoolveronment analysis from the children’s point of wiean
help to raise awareness and increase considefatidhe safety needs of children. The daily experés of
the pupils, as well as targeted traffic observatiand mobility system analyses, serve as a stgvoirg for
a critical examination of the topic of traffic. Tkey to school is a significant environment for espnce,
learning and socialisation for pupils. Dependingtio® age of the children, this experience can leel tis
make them more aware of many phenomena in thedfdl@ffic and mobility in different ways.

The methods include outdoor explorations, learrimgnterpret the school environment from a mobility
planning perspective, recognising danger spotspéaydul knowledge transfer.

4.1.2 Sensitisation workshops for children and young jeop

The Austrian association ‘Hilfsgemeinschaft’ [atmiee community] offers workshops for children and
young people to address the needs and demandsuafllyiimpaired and blind people. These workshaops a
inclusive and can be conducted with all participgiteducational institutions. Children learn abotiteo
disabilities based on the responses to their questd people with disabilities.

4.1.3 Time travel into the past of mobility

To trigger the pupils’ creativity regarding futumaobility scenarios, they experience time travelptst
visions of the future. The focus is on what ideasgbe had in the past about today’s (their futune)pility

and how individual vehicles have changed. The desfgcontemporary passenger cars, for exampleptis n
much different from earlier carriages. This holdset e.g., for new Tesla cars, which are considered
innovative. The shape of the vehicles has not ab@dpgt (and even in the 